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The  various  subjects  covered  in  this  report  are  listed  in  the  Table  of 
Contents.  Abstracts  of  the  individual  investigations  arc  included  on 
the  DD  Form  1498-1  introducing  each  work  unit  report,  and  names  of 
investigators  are  given  at  the  beginning  of  each  report. 


FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators  adhered 
to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care,"  as  promulgated  by 
the  Committee  on  the  Guide  for  Laboratory  Animal,  Resources,  National 
Academy  of  Sciences -National  Research  Council. 
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ilua  coaples  In  yeast  became  apparent,  the  effort  was  concentrated  on  th*  develop¬ 
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Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  095,  Biochemical  action  of  trace  substances  - -  effects  of 
trace  metals  on  hormone  and  enzyme  activity. 


Investigators : 

Principal:  Walter  Hertz,  M.D. 

T.  It.  Li,  MAJ  MC 

Associate:  Edward  E.  Roglnskl,  US  -  1 1 
Descript  ion : 

The  objective  of  this  research  includes  the  following  goals:  To 
define  the  mode  of  action  of  chromium  in  metabolism;  establish  the 
mode  of  interaction  on  the  insulin  and  related  substances;  determine 
metabolic  and  anatomic  defects  resulting  from  chromium  deficiency; 
study  the  long-term  effects  of  chronic  chromium  deficiency  in  animals 
and  man  and  to  correct  existing  deficiencies  by  adequate  supplementa¬ 
tion.  To  define  the  organic,  active  complex  in  which  chromium  la 
present  in  biological  systems;  to  study  its  effects  in  various  vivo 
and  in  vitro  systems;  to  devise  methods  for  large  scale  production  of 
sufficiently  prepurlfled  preparations  for  testing  in  patients.  To 
define  the  biochemical  function  of  trace  metals  in  biological  membranes. 

Progress: 

1.  Laboratory  research.  The  work  on  the  purification  of  the  natural 
organic  chromium  complex,  glucose  tolerance  factor,  was  continued. 

a.  Chemical:  A  method  to  obtain  extracts  with  consistently  high 
biological  activity  was  developed.  It  consists  of  autolysis  of  the  yaast 
cells,  grown  in  a  medium,  with  repeated  additions  of  glucose.  While  the 
cell  residue  also  contains  chromium  with  biological  activity,  the  main 
activity  is  found  in  tne  supernatant.  It  can  be  further  purified  by 
absorption  on  charcoal,  relatively  selective  elution,  and  subsequent 
separation  between  phenal  and  water.  The  following  chemical  properties 
have  been  established:  The  factor  is  water  soluble,  has  acidic  proper¬ 
ties,  is  easily  dlalysable  and  remarkably  heat  stable,  even  under  acidic 
or  alkaline  conditions.  The  factor  appears  to  combine  with  insulin, 
upon  standing,  with  a  resulting  product  of  greatly  increased  insulin 
activity.  This  latter  activity  was  associated  with  the  *l-lnsulln 
peak,  upon  gel  filtration,  suggesting  that  both  are  closely  associated. 
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b.  Biochemical:  The  production  of  sufficient  quantities  of 
chroalua- 51  labeled  glucose  tolerance  factor  has  nade  possible  the 
testing  for  biological  activity  in  various  systeas.  The  stimulation 
of  laaulia  activity  In  epidldyaal  adipose  tissue  was  used  as  the  basal 
assay.  Tissue  froa  chroalua  deficient  rats  that  was  alaost  caapletsly 
refractory  to  insulin,  responded  to  the  ho  none  when  snail  aaounts  of 
glucose  tolerance  factor  were  added.  It  was  also  shown  in  collaborative 
studies  with  others  that  a  tissue  described  as  absolutely  refractory  to 
insulin  exhibited  a  near  perfect  dose-response  curve  to  the  horaone  In 
the  presence  of  CTF. 

The  studies  on  placental  transport  of  chroalua  were  continued.  Whereas 
siaple  chroalua  salts  were  not  transported  into  the  fetus,  the  chroalua 
in  fora  of  glucose  tolerance  factor  was  accuaulated  against  a  gradient. 
The  concentration  of  chroalua* St,  given  to  the  pregnant  aother  in  this 
fora,  was  approalaataly  three  tines  higher  in  the  fetal  than  in  the 
asternal  liver.  Siailar  observations  were  nade  with  non* radioactive 
chroalua.  The  sleasnt  when  fed  as  pert  of  a  natural  high*chroaiua 
diet,  accuaulated  on  the  fatus,  whereas  inorganic  chroalua  salts  grew 
in  drinking  rate.  These  observations  stroi^ly  suggest  a  vitauin- like 
nature  of  GTf -chr<  alum,  i.e.  an  essential  compound  that  cannot  be  synthe¬ 
sised  in  the  organise.  However, the  essentiality  of  chroalua  for  the  rat 
has  not  yet  been  proven  unequivocally. 

Similar  observations  with  CTF  were  aade  in  another  systea:  There  is  s 
specific  body  pool  of  chroalua  iriiich  releases  the  eleaent  into  the  blood 
when  peripheral  glucose  utilisation  is  increased,  either  by  a  glucose 
load  or  by  insulin  injection  as  injection  of  chroalua* Sl*chlor ids  does 
not  label  this  pool,  except  perhaps  after  a  lag  period  of  several  weeks. 
Chroalua* }1  in  fora  of  glucose  tolerance  factor  does:  Anlnals  stonsch 
t  i bed  or  injected  with  CTF,  respond  to  Insulin  with  a  very  pronounced 
rise  of  radioactivity  in  the  blood. 

Absorption  of  Inorganic  chroalua  salts  froa  everted  intestinal  sacs 
in  vitro  la  poor,  but  is  enhanced  by  a  variety  of  ligands  (aaino  acids, 
aalnee ,  etc.).  Chroalua  in  fora  of  CTF  is  absorbed  at  a  greater  rate 
than  any  of  the  other  combinations  tested. 

2.  Clinical  studies:  Collaborative  clinical  and  aetabollc  studies  are 
reported  separately.  A  number  of  additional  trials  have  been  lnltated, 
results  are  not  yet  available. 

*Minr  ini  riTlmlnir 

The  properties  of  the  naturally  occurring,  biologically  highly  active 
chroalua  coaples,  glucose  tolerance  factor  were  further  defined.  CTF 
Is  a  water  soluble,  chroalua  containing  organic  complex  of  relatively 


1 

t 

* 


4 


* 


low  molecular  weight.  It  is  heat  stable  and  has  acidic  propartiaa. 

While  it  is  relatively  ineffective  in  the  absence  of  insulin,  it  greatly 
potentiates  the  action  of  the  hormone.  It  is  transported  into  the  rat 
fetus,  it  i*  absorbed  in  the  intestines  better  than  Inorganic  chroailuai 
salts  and  it  labels  the  specific  chromium  pool  which  ia  responsible  for 
increasing  the  effectiveness  of  insulin  i,n  vivo. 

The  chemical  structure  of  this  substance  has  not  been  identified. 
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23.  (U)  To  Btudy  the  interaction  of  trivalent  chromium  with  biological  materials, 
particularly  with  nutrients  which  compete  for  chromium  in  the  Cl  tract,  with  carrier 
substances  which  bind  the  element  in  the  blood  and  with  insulin  for  which  chromium  ia 

a  co-factor,  to  determine  chemical  parameters  which  are  essential  for  biological  activltj 
and  to  synthesize  compounds  for  biological  testing. 

24.  I U )  The  Influence  of  PH  on  the  degree  of  olation  and  of  various  potential  chelating 
agents  on  the  solubility  of  chromium  is  determined  using  a  membrane  dialysis  technique. 
New  approaches  are  in  process  for  synthesis  of  new  chromium  complexes  with  ligands  of 
biological  interest,  in  aqueous  and  non-aqueous  systems. 

25.  ( U )  68  07  -6906  A  process  of  sequential  dialysis  has  been  developed  which  has  pro¬ 
vided  a.  laboratory  system  to  study  the  mechanism  of  the  chromium  in  reaction  with  bio¬ 
logical  substances.  This  process  has  been  used  to  evaluate  and  compare  many  biological 
substances  including  phosphates,  anions  of  organic  acids,  Krebs  cycle  components,  bases 
and  Lormone  activities.  A  comparison  of  oxalate  complexes  of  trivalent  chromium  with 
urea  disclosed  that  urea  forms  coordination  complexes  but  does  not  form  a  stable  chelate 
Oxalate  showed  a  much  stronger  potential  for  chelate  formation.  The  biological  polyphos¬ 
phates  (adenosine  phosphates  and  thiamine  pyrophosphate)  showed  strong  coordinating  af¬ 
finity  for  chromium  as  did  the  citrate  and  isocitrate  compounds  of  the  Krebs  cycle.  In 
the  absence  of  such  agents  the  rate  of  diffusion  of  chromium  was  decreased. 

For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research,  Annual  frogress 
Report,  1  July  1968  -  30  June  1969. 
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Description 

Chromium  la  the  most  recent  addition  to  the  list  of  the  essential 
trace  metals.  This  element  has  a  role  in  glucose,  protein  and  Uptd 
metabolism  in  enhancing  the  action  if  Insulin.  In  attempting  to  estab- 
llah  the  chemical  mechanism  responsible  for  the  biological  activity  of 
chromium,  we  have  applied  the  principles  of  coordination  chemistry  to 
the  study  of  the  reactions  of  Cr(lll)  with  many  biological  substances. 

For  both  theoretical  and  practical  reasons,  it  Is  important  to 
establish  the  mechanism  of  the  biological  effects  of  chromium  and  this 
requires  a  knowledge  of  the  reactions  of  Cr(lll)  with  biological  sub* 
stances.  What  must  be  investigated  Is  the  fascinating  and  complicated 
chemistry  of  Cr(lll)  In  basic  media  containing  many  substances  capable 
of  reacting  with  Cr(lll).  More  specifically,  what  is  needed  Is  a  pro¬ 
cedure  for  determining  the  relative  coordinating  tendencies  of  biological 
substances  in  media  of  a  pH  at  which  the  most  probable  reaction  ofCr(Ill) 
is  polymerisation  due  to  bridging  OH-  groups. 

The  "method  of  sequential  dialysis"  meets  this  requirement.  This 
method  was  described  In  detail  In  our  previous  report  which  contains 
numerous  tables  of  results  demonst rat Ing  the  utility  of  the  procedure. 

In  the  meantime,  we  have  used  this  method  to  evaluate  and  compare  many 
more  biological  substances.  Including  compounds  of  the  Krebs  cycle, 
glycolytic  chain,  phosphates,  bases,  and  anions  of  organic  acids. 

Chromium!  1 1 1 )  reaction  matures  are  charged  Into  the  two  compart¬ 
ments  of  the  dialysis  cells  (5  ml.  into  each  compartment);  the  reaction 
miatures  are  identical  eacept  that  the  Cr(lll)  In  the  "back"  compartment 
of  the  dlalyter  la  labelled  with  *Cr.  The  dlelyters  are  agitated  In  a 
temperature-controlled  shaker  at  a  standard  rate.  Samples  are  removed 
at  intervals  from  front  and  back  compartments  and  counted  with  a  scintil¬ 
lation  counter.  For  each  time  Interval  a  separate  dlalyter  Is  used; 
otherwise  errors  are  introduced  because  of  the  change  In  ratio  of  solu¬ 
tion  volume  to  membrane  area.  Each  reaction  mixture  Is  dtalyted  at  least 
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twice.  The  first  dialysis  is  started  one  hour  after  preparation  of  the 
reaction  stature.  After  the  reaction  alature  has  aged  24  hours,  the 
dialysis  of  another  sample  is  started,  etc. 

Pros rest 

The  relative  effectiveness  of  the  ligands  can  be  eapreased  numeri¬ 
cally  as  follows: 

gl* ,  (k[| . percent  attaineent  of  dialysis  equilibrium,  24  hours 1 

dialysis,  for  the  successive  dialyses. 

l',  the  percent  attaineent  of  dialysis  equilibrium,  will  increase 
troa  0  to  100  if  all  the  Cr(lll)  remalna  diffusible  in  the  24  hour 
dialysis  period  and  from  0  to  less  than  100  otherwise.  With  the  moat 
effective  ligands,  the  successive  values  j£  g°-~  will  remain  1001  or  not 
much  less.  Even  if  the  successive  values  are  Tees  than  1001  for  a  given 
ligand,  it  may  be  considered  quite  effective  if  the  value  remains  constant. 

|  I 

Ql,  Qji . percent  decrease  in  area  under  the  dialysis  curve  as 

the  reaction  alature  ages,  always  calculated  on  the  heals  of 
the  area  under  the  curve  for  the  1-hour  old  niature. 


The  areas  under  the  dialysis  curves  are  proportional  to  the  ratea  of 
diffusion  of  the  drdll)  species.  The  coordinating  tendency  of  a  ligand 
is  reflected  in  its  ability  to  keep  the  rate  of  diffusion  of  CrdlP  from 
decreasing..  The  most  affective  ligands  are  characterised  by  aero  or  low 
values  of  over  the  longest  aging  periods. 

In  T< ble  1  are  listed  numerical  results  for  the  most  effective  ligands 
so  far  encountered  in  comparison  with  results  for  representative  as  ampins 
of  substances  having  little  coordinating  tendency. 

Etitd  g(  °gpstnuiUgn  anti  qnUil9n; 

Vpwtftwn  9f  urti  tad 

Osalate  is  a  powerful  chelating  agent  whose  completes  with  Crdll) 
are  well  known.  Urea  forma  coordination  compleses  with  Crdll)  but  dose 
not  chelate  nor  are  the  compleses  formed  by  direct  action  of  this  ligand 
on  Crdll)  in  aqueous  solution.  The  difference  in  coordinating  tendency 
is  demons* rated  by  the  relative  abilities  of  these  substances  to  compete 
with  the  hydroslde  ion. 


The  curves  for  the  two  concentration*  of  urea  are  identical  and 
essentially  no  different  from  those  for  tne  phosphate  buffer.  It  Is 
apparent  that  urea  does  not  coordinate  with  Crdll)  under  the  eaperlnmntal 
conditions.  On  the  other  hand,  osalate  allows  only  einor  changes  oyer  a 
period  of  a  week  although  at  10’^  N  it  is  no  more  effective  than  urea. 

Thus  osalate,  which  is  present  in  some  foods,  is  far  acre  likely  to  com¬ 
bine  with  trill  1)  than  is  urea,  which  is  abundant  in  animal  organisms. 


la  th«  following  series  of  compounds  (in  order  of  increasing  co¬ 
ord  last  lag  tendency),  the  slant  line  separating  the  series  into  two 
segments  indicates  s  large  difference  between  the  last  compound  of  the 
first  segment  end  the  first  coapoynd  of  the  second  segment.  The  numbers 
indicate  the  range  of  values  of  Q  (for  24  hours1  aging  of  reaction 
mixture). 


Structure: 
MglutarateM 
M succinate" 

"propane- 
trice rboxy late" 

3-carbon  mono- 
ca rboxy late 

*(  -amino  acid 


glutarate  <  glutamate  -Ketoglutarate  (32.3  -  17.0) 

succinate  <  fuma rate/ < aspartate  <.  oxalacetate  <L 
ns late  <  tartrate  (38.5  -  1.1) 


1,2,3-propane-  /4Conit4te/  ^isocitrate  citrate 
tricarboxylate  v  x  <56 .7  .  i. 


0) 


lactate  ^  pyruvate/ 3-phosphoglycerate  (52.7  -  0.0) 


pro  ^  glu  <  lys  <,  leu  <.  gly  /  asp  met  ^  ser 

(31.3  -  7.3) 


Metabolic  Cycles  and  Chains 

Among  the  most  effective  ligsnds  investigated  are  citrate  and  iso¬ 
citrate  (Krebs  cycle)  and  3-phosphoglycerate  and  fructose-1, 6-diphosphate 
(glycolytic  chain): 

succinate  <  fuma  rate  (,  aconitate  -ketoglutarate/  <  oxalacetate 
nalate  (  isocltrate  (  citrate  <  (38.5-  1.1). 

glucose- 6- phosphate  ^  lactate  <  glucose- 1-phosphate  (  pyruvate  glucose  ^ 
e^-glycerophosphate  /  fructose/ {  3-phosphoglycerate  <, 
fructose- 1 ,6-dl phosphate  (60  -  0.0). 

Holoelcal  Polyphosphates 


ATP,  ADP  and  thiamine  pyrophosphate  are  equal  in  coordinating  ability 
to  inorganic  pyrophosphate  and  triphosphate.  This  is  an  exciting  finding 
and  certainly  warrants  more  detailed  investigation. 


The  related  nucleoside  (adenosine),  the  b,  se  (adenine)  and  monophos¬ 
phate  (AMP)  have  essentially  no  coordinating  tt-ndency.  Adenine  has  con¬ 
siderable  coordinating  ability  but  it  is  nowhere  near  as  effective  as  ADP 
and  ATP  (Q*  for  the  series  of  four  compounds;  43.9  -  2.0). 
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Adenine  is  far  more  effective  in  stabilizing  the  Cr(lll)  reaction 
mixture  than  uracil  and  thymine  C Q*  for  the  series  of  three  compounds, 

36.5  -  20.0).  It  would  be  interesting  to  extend  this  study  to  other 
purine  and  pyrimidine  bases  to  determine  what  correlation  exists  between 
structure  and  coordinating  tendency. 

Bile  Salts 

Preliminary  results  indicate  that  oleate  reacts  with  Cr(lll)  to  form 
products  having  low  rates  of  diffusion.  We  plan  further  investigation 
of  the  reactions  of  fatty  acids  with  Cr(lll)  both  with  and  without  the 
bile  salts  that  are  involved  in  the  absorption  of  fats  from  the  intestine. 
We  have  found  that  glycholate  and  taurocholate  alone  are  ineffective 
(Q' ,  57.0  -  38.9). 


Summary  and  Conclusions 

Many  questions  exist  concerning  the  metabolism  of  the  essential  metals. 
A  promising  approach  to  these  problems  is  to  investigate  the  reactions  of 
the  essential  metal  ions  with  other  substances  in  the  biological  system. 
Competition  for  metal  ions  by  such  substances  will  determine  the  chemical 
forms  of  the  metal  compounds  and  consequently  the  availability  of  the 
metals.  In  particular,  irreversible  incorporation  of  a  metal  into  non- 
diffusible  compounds  would  render  it  unavailable.  Determination  of  the 
abilities  of  biological  substances  to  produce  or  prevent  this  result  is 
thus  a  requirement  for  establishing  the  mechanisms  by  which  the  essential 
metals  perform  their  biological  functions.  We  have  developed  a  method 
(sequential  dialysis)  by  which  biological  compounds  can  be  efficiently 
evaluated  in  this  respect  and  have  applied  it  to  the  study  of  the  reactions 
of  chromium,  a  metal  essential  to  the  functioning  of  insulin.  Citrate, 
isocitrate  and  the  biological  polyphosphates  (e.g.,  ATP,  ADP,  thiamine 
pyrophosphate)  are  especially  effective  in  forming  compounds  with  chromium 
that  have  a  high  constant  rate  of  transport  for  days  in  media  at  physio¬ 
logical  pH;  in  the  absence  of  such  agents,  the  rate  of  diffusion  of 
chromium( 111 )  progressively  decreases.  We  propose:  to  extend  the  applica¬ 
tion  of  the  method  to  iron  and  other  transition  metals;  to  test  numerous 
refinements  designed  to  make  the  method  more  precise,  rapid,  versatile  and 
sensitive;  to  investigate  additional  compounds  as  carriers  of  chromium;  to 
investigate  the  effect  of  chemical  form  on  absorption  of  metal  ions  by 
microorganisms.  Any  compound  or  reaction  mixture  presumed  to  have  bio¬ 
logical  activity  will  be  subjected  to  appropriate  tests. 


TABLE  1 


MDST  EFFECTIVE  BIOLOGICAL  LIGANDS* 
(COMPARISON  WITH  SOME  INEFFECTIVE  SUBSTANCES) 


compound 

fRt* 

R*  ' 
fKll 

iV1  _ 

Qi 

Qn 

fructose-1 ,6-diphosphate 

91.8 

95.5 

95.5 

0 

l.i 

tartronate 

91.7 

92.7 

91.9 

0 

1.3 

3-phosphoglycerate 

81.1 

79.7 

79.6 

0 

0 

citrate 

100.0 

100. 0 

100.0 

1.1 

'  .0 

tartrate 

96.7 

95.4 

- 

1.1 

- 

ATP 

98.8 

100.0 

100.0 

2.0 

3.0 

isocitrate 

100.0 

99.9 

99.5 

2.1 

3.9 

oxalate 

97.3 

100.0 

98.1 

2.1 

1.7 

ADP 

99.0 

100.0 

96.0 

2.6 

1.5 

me late 

87.5 

86.4 

90.0 

2.8 

0 

thiamine  pyrophosphate 

99.5 

99.6 

98.9 

2.6 

1.5 

pyrophosphate 

99.3 

100.5 

99.4 

3.1 

0.7 

triphosphate 

100.0 

99.3 

00.0 

3.4 

3.5 

oxalacetate 

100.0 

99.1 

100.0 

5.4 

6.6 

serine 

95.7 

94.0 

m 

7.3 

- 

methionine 

96.1 

92.1 

- 

8.1 

malonate 

93.9 

85.7 

78.5 

11.0 

21.6 

fructose 

82.3 

53.2 

- 

19.1 

- 

proline 

90.8 

70.1 

- 

31.3 

- 

glucose 

87.4 

65.4 

- 

35.3 

- 

AMP 

93.6 

60.2 

54.3 

41.3 

51.8 

urea 

85.9 

58.1 

- 

44.1 

- 

standard  phosphate  buffer  only 

86.0 

59.5 

47.8 

44.3 

54.5 

glucose- 1-phosphate 

99.9 

52.3 

29.7 

52.5 

63.8 

lactate 

87.1 

46.4 

42.4 

52.7 

59.2 

*  based  on  reaction  with  Cr(lll); 

standard 

reaction 

conditions 

>  • 

t  for  reaction  mixtures  aged  1  hour,  24  hours  and  I  week  respectively. 
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2).  C Li )  To  study  the  effects  of  chronic  nutritional  deficiency  of  metallic  trace 
elements  in  animals,  with  emphasis  on  detection  of  long-term  degenerative  processes. 
Llements  Include  chromium,  vanadium,  nickel,  germanium,  ntdelum,  slrconium,  arsenic,  I 
antimony  and  tin. 

24.  (U)  Animals  are  raised  in  a  special  laboratory  allowing  strict  control  of  trace 
metal  contamination.  Diets,  deficient  in  a  selected  element,  but  supplemented  with  all 
other  essential  dietary  factors,  are  fed  to  animals  during  their  life  span.  Chemical, 
pathological,  historical  examinations  and  functional  tests  are  made  on  deficient  animal 
groups  receiving  deficient,  normal,  excessive  and  toxic  asx>unts  of  the  element. 

25.  (U)  66  07  -69  06  Mice  and  rats  were  exposed  for  their  lifetimes  to  small  doses  of 
essential  and  abnormal  elements  in  drinking  water.  Growth  rates,  survival  and  longevity, 
tissue  pathology,  tissue  concentrations  of  trace  elements  and  blood  pressure,  cholestero  , 
glucose  and  uric  acid,  aortic  plaques,  lipids  and  tumor  rates  were  evaluated.  Chromium 
deficiency  Induced  elevated  cholesterol  and  glucose  levels  on  both  regular  diet  and  on 
one  containing  white  sugar.  Selenite  was  toxic,  selenate  not .  A  zinc  chelate  of  CDTA 
abolished  cadmium  hypertension  in  rats.  Cadmium  feeding  or  injection  raised  blood  pres¬ 
sure  and  diminished  responses  to  norepinephrine  and  angiotensin;  these  changes  were 
reversed  by  the  zinc  chelate.  Preliminary  conclusions  are  that  renal  cadmium  is  an 
accessory  factor  in  hypertension;  the  s^cnanism  differs  from  renal  ischemic  hypertension 
chromium  deficiency  may  be  an  accessory  factor  in  atherosclerosis,  other  trace  elements 
are  either  inert  or  exert  vague  toxicity  not  associated  with  any  demonstrable  disease. 

j  A  model  for  human  arterial  hypertension  has  been  developed  in  rats  fed  cadmium.  ^ 

For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research,  Annual  Progress  ■ 

!  Report,  1  Jul  60-30  Jun  69,  I 
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Work  Unit  105,  Hatallic  aicronutriants  and  intermediary  metabolism 

Investigators. 

Principal:  Henry  A.  Schroeder,  H.D. 

Associate:  Walter  Herts,  H.O. 

0.  P.  Frost,  Ph.D. 

A.  P.  Nason,  B.S. 

Description: 

Certain  trace  elements  are  esaential  (or  survival*  growth  and  optlsttl 
function  of  as—  Is.  Other  trace  elements  aay  have  aatabolic  roles. 
Others,  which  can  be  called  "abnormal ,"  have  no  known  functions,  soae  of 
thea  aay  accuaulate  in  aaaaallan  tissues  with  age  and  exert  innate  toxic 
effects,  especially  under  present  environaental  exposures  which  have 
Increased  as  a  result  of  aodern  industrial  practices. 

The  general  purpose  of  this  research  is  to  ascertain  whether  or  not 
any  coaaon  chronic  diseases  of  Industrialised  aan  reault  fcoa  a)  accumu- 
lation  of  a  specific  abnoraal  trace  elenent,  or  b)  fro*  marginal  defi¬ 
ciency  of  an  essential  trace  elenent.  To  approach  this  probleo,  one 
needs  to  know  whether  or  not  tissue  deficiency  of  an  essential  trace 
elenent  occurs  in  aan,  especially  aa  a  function  of  aging,  and  which 
abnoraal  elenents  cc cumulate  in  tissues  and  which  do  not.  The  next  step 
is  to  expose  anlnals  to  each  elenent  and  observe  effects. 

Weanling  nice  a  .d  rats  are  born  in  our  laboratory  specially  equipped 
to  minimise  external  trace  elenent  contamination.  Croups  of  approxi¬ 
mately  100  each  are  fed  diets  which  are  low  in  trace  elenents,  with  con¬ 
trolled  additions  to  or  omission  of  elements  from  deionised  drinking 
water  and  are  observed  for  their  lifetimes. 

Functions  measured  in  mice  are  growth  rates,  weights,  survival  and 
longevity,  microscopic  pathology  and  Incidence  of  tumors;  these  are 
measured  in  rats,  as  well  as  urinary  protein  and  glucose,  blood  pressure, 
lung,  kidney,  spleen  and  liver  are  ashed  and  analysed  for  the  metal  given. 
An  equal  number  of  controls  are  treated  Identically.  Analyses  are  made 
by  microchemlcal ,  fluorimetrlc  and  atomic  absorption  spec l rophotomet r 1c 
methods. 
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The  most  significant  research  during  the  past  year  wee  the  repro¬ 
duction  In  rate  of  the  two  major  biocheaical  alteratlone  found  in  human 
atheroecleroele  and  believed  to  be  aeeoclated  with  thle  prevalent  die- 
eaee  In  eoee  caueal  Manner.  By  feeding  rate  a  diet  low  in  chromium, 
relative  hypercholesteremia  and  hyperglycenla  were  regularly  induced. 

When  the  diet  wee  conpoeed  of  torula  yeast,  lerd  and  sugar,  which  wee 
even  lower  in  chronlun,  the  ease  abnormal  it  lee  were  induced  when  the 
eugar  wee  refined  white,  but  when  it  wae  brown, both  serum  choleeterol 
and  glucoee  were  low.  White  eugar  contained  0.03  ug/g  chromiua  and 
0.111  aeh;  brown  eugar  0.24  ug/g  chronlun  and  3.21  aeh.  A  "raw"  eugar, 
0.04  ug/g  chronlun  and  0.321  aeh,  produced  intermediate  effects.  The 
addition  of  5  ppm  chronlun  (111)  to  drinking  water  resulted  in  low 
eerun  choleeterol  in  both  sexes  and  low  glucose  levels  in  fenales;  male 
levels  responded  to  brown  sugar  (189).  We  have  denonet  rated  that  nales 
require  nore  chronlun  than  do  fenales  for  reduction  of  glucoee  levels, 
whereas  fenales  require  nore  chronlun  than  nales  in  order  that  serum 
cholesterol  levels  be  depressed.  As  an  additional  hypoglycemic  agent 
in  the  rat  is  nickel,  and  as  brown  sugar  contained  five  times  as  much 
nickel  as  did  white,  it  is  possible  that  this  differential  effect  on 
glucose  was  due  to  nickel. 

Similar  rats  deficient  in  chronlun  have  been  shown  previously  to 
exhibit  an  increased  incidence  of  aortic  plaques  end  a  high  concentra¬ 
tion  of  aortic  lipids.  These  animals  will  be  examined  for  such  patho¬ 
logical  changes  when  they  die  a  natural  death  in  about  two  years  tine. 

Further  implication  of  chronlun  in  the  human  disease  resulted  from 
the  finding  that  aortas  of  persons  dying  of  coronary  occlusion  were 
usually  wholly  deficient  of  chromium,  tdtereas  those  of  subjects  dying 
accidentally  contained  chronlun.  The  tissues  of  foreigners  contained 
ouch  nore  chronlun  than  did  those  of  Americans,  the  latter  having  only 
1.7  ng  as  their  body  burden.  We  have  been  unable  prolongedly  to  affect 
glucose  tolerance  In  five  diabetic  patients  ingest ii*  chronlun  as  the 
chloride,  acetate  and  oxalate  for  two  years  or  loiter.  The  feeding  of 
manganese  st  10  ng/day  affected  it  temporarily,  for  three  months  only, 
in  three  patients.  We  have  been  able  to  affect  favorably  the  serum 
cholesterol  levels  of  five  persons  Institutionalised  for  mental  disease, 
without  affecting  another  five.  No  significant  effects  occurred  until 
the  fifth  nonth  of  treatment.  The  dose  was  2.0  ng/day  as  the  acetate. 
Because  of  the  poor  and  erratic  absorption  of  chronlun,  a  readily  absorb¬ 
able  form  in  quantities  sufficient  foi  clinical  trial  is  urgently  needed. 
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In  respect  to  cadmium  hypertension  in  rats,  either  the  feeding 
of  cadmium  in  water  or  the  intraperltoneal  injection  wee  followed  by 
a  significant  rise  in  blood  pressure  when  measured  directly.  This 
change  was  accompanied  by  a  decreased  vascular  reactivity  to  norepine* 
phrine  and  angiotensin.  The  intravenous  injection  of  NajZn  CDTA,  which 
has  a  greater  affinity  for  cadmium  than  for  zinc  and  removes  renal  and 
hepatic  cadmium,  lowered  blood  pressure  and  restored  vascular  reactivity 
to  norepinephrine.  Life-term  exposures  of  rats  to  germanium,  arsenic 
and  tin  have  been  published. 

A  survey  of  environmental  sources  of  magnesium  has  been  completed. 
Partitioning  of  foods  into  their  component  fractions  (oils  or  fats, 
refined  sugar  and  molasses,  refined  flour,  coarse  flour  and  germ)  does 
not  mean  that  the  inorganic  nutrients  necessary  for  the  metabolism  of 
each  fraction  stay  with  the  fraction.  Thus  oils  and  fats  are  virtually 
devoid  of  magnesium  which  stays  with  the  skim  milk,  defatted  residue  of 
corn  or  flour,  or  in  the  muscle  of  meat.  Refined  flour  has  little  magne¬ 
sium  compared  to  whole  wheat,  refined  sugar  is  virtually  devoid  of  it, 
molasses  and  raw  sugar  having  much.  These  circumstances  require  a 
"balanced"  diet,  other  sources  of  magnesium  supplying  the  deficit.  Han 
and  his  animals  are  the  only  living  things  requiring  a  balanced  diet; 
wild  animals  have  a  naturally  balanced  diet.  This  idea  applies  to  other 
essential  micronutrients,  which  are  not  replaced  in  the  fractions  of 
food  resulting  from  refining. 

Concentrations  of  eight  trace  metals  in  normal  human  hair  from  160 
subjects  aged  1-102  years  have  been  determined. 

Summary 

In  order  to  evaluate  biological  effects  of  trace  elements,  mice  and 
rats  were  exposed  for  their  lifetimes  to  small  doses  of  each  of  many 
essential  and  abnormal  elements  in  drinking  water,  in  a  laboratory  and 
on  a  regimen  designed  to  avoid  environmental  contamination.  Growth 
rates,  survival  and  longevity,  microscopic  pathology  of  tissues,  concen¬ 
trations  of  trace  elements  in  tissues,  and  in  rats,  blood  pressure, 
serum  cholesterol,  glucose  and  uric  acid,  aortic  plaques  and  lipids  and 
tumor  rates  were  measured  or  examined.  Surveys  of  the  human  environment 
for  two  elements  in  foods,  water,  vegetation,  wild  animals  were  also  made, 
by  trace  element  analysis,  and  human  tissue  concentrations  for  four. 
Chromium  deficiency  induced  elevated  cholesterol  and  glucose  levels  both 
on  our  regular  diet  and  on  a  diet  containing  white  sugar.  Selenite  was 
toxic,  selenale  not.  A  sine  chelate  of  CDTA  abolished  cadmium  hyper¬ 
tension  in  rats  and  removed  some  renal  and  hepatic  cadmium.  Cadmium  feed¬ 
ing  or  injection  raised  blood  pressure  and  diminished  responses  to  nore¬ 
pinephrine  and  angiotensin;  these  changes  were  reversed  by  the  zinc 
chelate.  Chromium  declined  in  Americans  but  not  foreign  human  tissues  with 
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ege.  Hornet  divuiy  iniebe*  of  eeleniwn  end  wagneeiun  *«r#  aace'tained. 
trellolnery  (oikIuiiom  ( rw*  (Hi*  end  previous  work  tr*  ‘ hat  renal  cidatu* 
It  M  accessory  feeler  It  hum*  hypertension,  lit  **cIm  mi  differing  fro* 
i Hal  of  renal  ikHmu  hypertension,  that  chrooiuo  deft-  incy  ae y  be  an 
tcctttory  factor  it  atherosclerotic,  (Hat  other  tract  el  wants  oay  lu^prei* 
spontaneous  tu*»>r*  to  Met  tad  that  a  owMtr  of  other  trace  alenentt  ere 
tllHtr  inert  or  etert  vague  toaiclty  not  associated  wttH  any  dictate.  At 
a  rttult  of  thit  wrk,  two  prtval«nt  Hunan  «li*ea*et  have  been  reproduced 
In  ratti  <11  A  node l  for  Hunan  arterial  hypertension  Ha*  been  developed 
In  rata  fed  cadnlu*.  The  pat  Ho  lop l cal  and  physiological  criteria  are 
dollar:  e.g.,  hypertension,  cardiac  enlarienant  and  renal  arteriolar 
Hypert ropHy  and  early  tcleroata.  TH*  hypertension  can  be  controlled  by 
r too v inn  the  renal  cadotun  by  chelation  and  replacing  it  with  tine  in  the 
chelate.  <21  A  wade l  for  Hunan  athero*c lerosts  Ha*  been  developed  In  rat* 
deficient  in  chrooiuo  and  fed  refined  white  auger,  the  physiological  cri¬ 
teria  are  etoller:  e.g.,  relative  hypercholesteremia  which  increase*  with 
age*  end  oild  to  ooderete  hyperglyceoie.  The  pathological  eani f eatat lone 
were  en  increased  incidence  of  aortic  plaque*  and  increased  aortic  liplda; 
thlt  aapect  la  being  intenaively  reatudled.  These  three  changes  were 
prevented  by  the  feed  If*  of  irivelent  chrooiun. 
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Associates:  Malcolm  S.  Artensteln.  M.D. 

Edward  L.  Buescher,  COL,  MC 

Description. 

The  biologic  significance  of  antl-vlral  antibody  is  studied  to  define 
the  significance  of  various  immunochemical  classes  of  antibody  resulting 
from  immunization  or  Infection.  By  understanding  these  mechanisms  Im¬ 
proved  procedures  for  prevention  of  viral  Illnesses  and  the  development 
of  biological  markers  of  lr.m  irity  will  become  evident. 
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1 .  In  our  previous  work  with  characterization  studies  of  antl-vlral 
antibody  utilizing  physical-chemical  techniques  of  separation,  we  were 
not  able  to  detect  with  precision  the  relevant  classes  of  antibody  as¬ 
sociated  with  anti- viral  antibody  free  of  contamination.  However,  work 
over  the  past  year  utilizing  radioactlvely  labeled  adenovirus  type  4  has 
shown  such  characterization  of  anti-viral  antibody  in  serum  and  secretions 
can  be  achieved.  The  specificity  of  the  adenovirus  type  4  RID  antigen 
reaction  was  evaluated  using  acute  and  convalescent  sera  from  patients 
with  illnesses  from  which  adenoviruses  other  than  type  4  were  isolated 
(Table  I).  An  AV-4  Infection  was  included  for  comparison.  One  Indi¬ 
vidual  with  a  type  6  and  one  with  a  type  7  infection  showing  no  evidence 
of  recent  type  4  infection  (both  had  low  levels  of  type  4N  antibody),  re¬ 
vealed  evidence  of  antibody  rise  using  the  RID  test.  These  data  indicate 
that  the  antigen  employed  is  group  and  not  type  specific.  Of  interest, 
only  one  individual  (AV-1  infection)  had  no  preexisting  N  or  CF  antibody 
to  the  agents  tested,  and  his  acute  serum  repealed  no  binding  of  radio¬ 
active  virus.  Thus,  the  nG  activity  in  the  other  three  acute  sera  probably 
represent  low  level  antibody  activity  due  to  previous  infection  with  one 
or  another  type  of  adenoviruses. 

The  sensitivity  of  the  RID  test  is  also  illustrated  by  Table  I.  It 
can  be  seen  that  serum  RID  titers  may  reach  levels  10-100  times  greater 
than  those  measured  by  neutralization  or  complement-fixation  tests. 
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Further  definition  of  the  group  specificity  of  the  test  was  pro¬ 
vided  by  means  of  blocking  reactions.  Concentrated  unlabeled  AV-4  and 
AV-7  antigens  were  prepared  as  crude  cell  harvests;  polio  type  2  and  un¬ 
infected  cultures  served  as  blocking  materials.  Blocking  was  performed 
in  two  different  fashions:  1)  by  flooding  the  micro-plates  with  unlabeled 
virus  prior  to  the  addition  of  radioactive  antigen  and,  2)  in  other  experi¬ 
ments  by  adding  unlabeled  virus  to  serum  dilutions  prior  to  immunodiffu¬ 
sion.  Both  methods  gave  almost  identical  results.  RID  titers  of  the 
poliovirus  2  and  control  sera  were  identical.  RID  antibody  responses  in 
patients  with  adenovirus  types  1,  4,  6,  or  7  infections  were  all  reduced 
4  to  32-fold  by  blocking  with  unlabeled  antigens  of  either  type.  Antibodies 
of  yA,  yM  and  yG  specificity  all  showed  the  blocking  phenomenon. 

Table  II  illustrates  the  various  antibody  separation  techniques 
used  to  study  one  patient.  It  is  quite  apparent  that  the  centrifugation 
and  gel  filtration  techniques  failed  to  separate  completely  the  antibody 
activity  of  the  individual  immunoglobulins  which  was  so  readily  accom¬ 
plished  by  the  RID  assay. 

The  development  of  nasal  secretory  antibody  is  shown  in  Table  III, 
which  gives  the  frequency  with  which  antibody  was  detected  each  week  in 
serum  and  nasal  washings  of  recruits  naturally  infected  with  AV-4  virus . 

Of  five  recruits  with  serologic  evidence  for  adenovirus  infection,  but  from 
whom  no  virus  was  isolated,  all  developed  nasal  antibody.  There  were 
four  recruits  who  were  lost  to  the  study  and  four  subjects  who  escaped  in¬ 
fection.  Of  the  latter,  three  had  antibody  in  the  first  serum  obtained  and 
two  of  three  showed  nasal  antibody  when  first  tested.  RID  assay  of  NW 
and  sera  from  three  recruits  is  shown  in  Table  IV.  In  these  subjects  yA 
and  yG  activity  were  noted  with  the  serum  frequency  in  NW  specimens 
but  yM  was  not  detected.  N  antibody  resided  in  both  yA  and  yG  since 
specimens  which  contained  only  one  active  immunoglobulin  by  RID  showed 
N  activity. 

The  advantages  of  RID  assay  over  other  methods  of  immunoglobu¬ 
lin  antibody  separation  are  the  simplicity  and  clarity  of  the  separations 
achieved.  Furthermore,  the  sensitivity  of  the  procedure  makes  feasible 
studies  of  fluids  such  as  nasal  secretions  which  are  usually  available  in 
only  small  amounts  with  low  activity  compared  to  serum.  Although  the 
antigen  used  here  is  group  specific,  it  seems  probable  that  type  speci¬ 
ficity  of  the  radioactive  antigen  could  be  achieved  by  physicochemical 
Isolation  of  radioactive  adenovirus  subunits . 

In  the  present  studies  of  natural  adenovirus  infection  of  the  re¬ 
spiratory  tract,  nasal  antibody  was  detected  in  all  patients  within  one  or 
two  weeks  of  onset.  This  antibody  response  was  sustained  for  at  least  six 


22 


weeks,  the  longest  period  tested.  Chdracterization  of  this  activity  by 
RID,  indicated  that  it  was  associated  with  both  the  yA-  and  yG-immuno- 
globulins.  Many  studies  have  now  shown  that  although  gG-immunoglobu- 
lins  may  be  present  in  nasal  secretions,  secretory  yA  is  the  predominent 
immunoglobulin  in  these  specimens.  Further,  protection  from  infection 
with  parainfluenza  type  1  correlates  better  with  the  presence  of  local  anti¬ 
body  than  of  serum  antibody.  Since  reinfection  by  specific  adenoviruses 
is  unusual  this  must  be  related  to  the  type  of  immunity  produced  by  pre¬ 
vious  natural  infection.  Therefore,  if  immunization  procedures  are  to  be 
effective,  they  should  simulate  the  antibody  response  seen  following 
natural  infection,  namely  the  development  of  local  respiratory  tract  anti¬ 
body  as  well  as  serum  antibody. 

2.  Studies  of  serum  and  local  antibody  responses  in  children  fol¬ 
lowing  immunization  with  attenuated  and  inactivated  measles  vaccines 
have  been  completed.  These  studies  have  indicated  that  in  24  children 
immunized  with  inactivated  attenuated  measles-virus  vaccine,  responses 
of  serum  antibody  were  comparable  both  in  peak  titers  and  in  immuno¬ 
globulin  contribution.  In  eight  of  nine  children  immunized  with  attenuated 
measles-virus  vaccine,  nasal  antibody  associated  primarily  with  the  yA 
and  less  often  with  yG-immunogiobulins  developed;  nasal  antibody  was 
detected  in  only  three  of  seven  immunized  with  inactivated  measles-virus 
vaccine,  and  in  these  both  7  A  and^G  activities  were  observed.  Of  eight 
children  with  preexisting  serum  antibody,  six  had  nasal  antibody  in  the 
preimmunization  specimens.  It  was  speculated  that  the  differences  in 
ability  of  these  vaccines  to  stimulate  local  respiratory  tract  antibody  may 
in  part  explain  the  greater  clinical  effectiveness  of  the  attenuated -vacc*nes 
as  well  as  the  occurrence  of  altered  reactivity  of  the  host  who  received 
inactivated  vaccine . 

Studies  over  the  past  year  have  been  concerned  with  the  mechan¬ 
ism  of  untoward  reactions  seen  in  recipients  of  inactivated  measles  vac¬ 
cine.  There  have  been  several  reports  of  unusual  systemic  and  local  re¬ 
actions  occurring  in  children  previously  immunized  with  inactivated 
measles  vaccine  who  later  are  exposed  to  natural  measles  or  who  receive 
live  measles  vaccine.  These  reactions  consist  either  of  a  generalized 
response  consisting  of  high  fever,  edema  atypical  exanthemata  and  severe 
pneumonia,  following  exposure  to  measles  or  local  response  consisting  of 
erythema  and  induration  with  regional  lymphadenopathy  at  the  site  of  sub¬ 
sequent  live  measles  immunization.  A  variety  of  mechanisms  have  been 
suggested  to  explain  the  pathogenesis  of  these  reactions.  These  include; 
1)  delayed  hypersensitivity  to  measles  virus  antigen(s),  2)  sensitization 
to  tissue  components  derived  from  the  host  cell  in  which  the  measles  vac¬ 
cine  virus  is  propagated,  3)  an  Arthus-like  phenomenon  due  to  the  rapid 
recall  of  antibody  interacting  with  measles  virus. 
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Studies  over  the  past  year  have  been  conducted  in  six  children 
who  previously  have  received  inactivated  measles  vaccine  some  one  to 
three  years  previously  who  were  reimmunized  with  live  measles  vaccine 
(Table  V).  All  had  very  low  or  almost  negligible  neutralizing  antibody  at 
the  time  of  revaccination. 

Results  of  these  studies  are  summarized  in  Table  V  and  indicate 
that  at  the  time  of  inoculation  the  serum  titers  were  either  quite  low  or 
absent.  Following  immunization  a  local  reaction  consisting  of  local 
erythema  and  induration  developed  within  24  hours  following  immunization. 

The  antibody  responses  in  serum  and  nasal  secretions  following 
attenuated  vaccine  are  summarized  in  Table  VI.  It  can  be  se^n  that  prior 
to  immunization  serum  antibodies  were  low;  in  one  case  D.J.  antibody 
had  fallen  from  a  titer  of  1:64  approximately  294  days  prior  to  immuniza¬ 
tion  to  <1:4  at  the  time  of  immunization. 

Immunopathologic  studies  conducted  by  Dr.  Peter  Ward  were  per¬ 
formed  on  frozen  section  of  biopsy  material  obtained  by  skin  biopsy.  Di¬ 
rect  immunofluorescence  was  performed  on  frozen  sections  to  determine 
the  presence  of  human  -yG,  yA  and  /3jC  globulin  and  measles  antigen. 

These  results  indicate  that  ->G,  0,C  globulin  and  measles  antigen  are 
localized  in  deposits  in  walls  of  blood  vessels  in  the  dermis  and  subcutis. 
By  light  microscopy,  mixed  cellular  infiltrates  were  present  consisting  of 
mononuclear  cells,  (including  lymphocytes),  polymorphonuclear  leukocytes 
and  eosinophils  in  and  around  walls  of  blood  vessels. 

These  findings  present  direct  evidence  for  the  role  of  immediate 
hypersensitivity  in  the  induction  of  the  atypical  skin  reaction  to  measles 
antigen.  The  data  also  suggest  that  injury  of  ofher  tissues  may  be  medi¬ 
ated  by  virus-antibody  complexes.  Since  many  recipients  of  inactivated 
measles-virus  vaccine  appear  to  be  unable  to  produce  significant  amounts 
of  local  yA  antibody,  although  the  serum  antibody  response  is  adequate, 
exposure  to  natural  measles  would  result  in  viral  replication  in  the  respira¬ 
tory  tract.  An  accelerated  response  of  serum  antibody  would  result  in 
viral  replication  in  the  respiratory  tract.  An  accelerated  response  of  serum 
antibody  would  follow,  thus  providing  the  conditions  for  formation  of  im¬ 
mune  complexes  in  the  lung,  with  subsequent  tissue  injury.  Chanock 
have  speculated  on  this  mechanism  in  the  pathogenesis  of  disease 
due  to  respiratory  syncytial  virus.  This  is  not  to  dismiss  the  participa¬ 
tion  of  cell-mediated  mechanisms  but  only  to  underscore  the  role  of  im¬ 
mediate  hypersensitivity. 

These  observations  have  direct  relevance  to  the  problem  of  im¬ 
munoprophylaxis  of  respiratory  disease  and  suggest  that  vaccines  that 
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stimulate  serum  antibody  selectively  without  local  respiratory  tract  anti¬ 
body  should  not  be  used.  First  of  all,  they  fail  to  produce  local  protec¬ 
tive  antibody,  and  secondly,  they  may  create  an  immunologic  imbalance 
that,  by  the  aberrant  nature  of  the  response,  can  lead  to  a  condition  of 
hypersensitivity  rather  than  protective  immunity. 

3.  Studies  over  the  past  year  of  serum  and  local  responses  seen 
following  immunization  with  bacterial  vaccines  have  included  studies  in 
the  human  salmonella,  immunization  of  children.  These  studies  have  in¬ 
dicated  that  a  significant  amount  of  serum  "yM-immunoglobulin  is  specific 
antibody  following  immunization  of  children  with  inactivated  vaccine. 

Studies  over  the  past  year  have  been  conducted  in  rabbits  im¬ 
munized  with  Escherichia  coli  utilizing  electrochemical  techniques  com¬ 
paring  isolated  19  S  and  7  S  antibody  to  the  electrochemical  events  of  £. 
coli.  Female  albino  New  Zealand  rabbits  weighing  two  to  three  kilos 
were  used  in  these  studies.  The  animals  were  bled  prior  to  immunization 
in  order  to  assay  their  natural  antibody  levels  to  £.  coli.  the  animals  had 
been  immunized  with  1  x  108  heat-killed  E,.  coli  strain  LI  13  obtained  from 
Dr.  W.P.  Weidanz.  On  day  5  the  animals  were  bled  at  the  height  of  the 
19  S  response  actually  received  additional  thrice-weekly  injections  of 
1  x  10s  heat-killed  E.  coli  cells  intravenously  and  were  bled  at  approxi¬ 
mately  weekly  intervals. 

Antibody  determinations  were  performed  on  sera  and  serum  frac¬ 
tions  using  a  passive  hemagglutination  technique  employing  £.  coll  0113 
lipopolysaccharide  (LPS)  coated  sheep  erythrocytes  and  sera  were  also 
checked  by  a  standard  tube  bacterial  agglutination  method  employing 
1  x  109  heat-killed  cells  at  56°C  for  18  hours. 

Selected  sera  were  fractionated  bv  gel  filtration  with  Sephadex 
G  200.  A  5.0  ml  serum  sample  was  applied  to  a  column  70  x  2  cm  eluates 
collected  in  5.0  ml  fractions  using  phosphate  buffered  saline,  pH  7.3  . 
Protein  concentrations  in  the  Sephadex  fractions  were  determined  by  the 
Lowry  Method  and  the  antibody  profile  of  the  chromatogram  determined  by 
the  passive  hemagglutination  method. 

Isolated  19  S  and  7S  antibody  pools  we  re  prepared  by  combining 
fractions  33  to  40  to  57,  respectively ,  concentration  to  5  ml  by  positive 
pressure  dialysis  and  standardization  to  a  protein  concentration  of  350- 
370  mg%.  The  saline  titer  of  both  pools  were  adjusted  to  the  same  titer 
of  1:32  to  1:64. 

The  £.  coli  0113  used  to  study  the  electrochemical  effects  of 
the  19  S  and  7  S  antibody  fractions  were  prepared  by  inoculating  400  ml  of 


a  trypticase  soy  broth  (Baltimore  Biological  Labs.)  2.7%  in  pH  6.7 
KHiPO*  (0.1M)  buffer  containing  1%  glucose  and  incubating  for  16  hours 
at  37°C.  The  suspended  organises  were  collected  by  centrifugation 
(SOO  x  g,  4°C ,  IS  minutes  Servall  RD-2B)  and  resuspended  in  SO  ml  of 
the  pH  6.7  phosphate  buffer  (0.2M).  The  process  was  repeated  a  second 
time  and  the  sedimented  bacteria  were  suspended  in  a  quantity  of  0.2M 
phosphate  buffer  sufficient  so  as  to  give  for  a  dilution  of  1:20  an  absorb¬ 
ance  of  0.67  at  62S  nm  (Gilford  Model  300  microspectorhotometer) .  This 
is  equivalent  to  approximately  10*  bacterial/ml  of  the  undiluted  sample. 

Prior  to  electrochemical  measurements,  two  tubes  each  contain¬ 
ing  10  ml  of  the  buffered  E.  coll  suspensions  were  mixeo  respectively 
with  an  equal  volume  of  either  a  buffered  1:S0  dilution  of  19  S  or  1 : 2 S  di¬ 
lution  of  7  S  antibody.  These  dilutions  were  based  on  prior  determination 
so  as  to  achieve  equivalent  amounts  of  antibody  based  upon  agglutination 
titers.  Controls  consisted  of  tubes  containing  10  ml  of  the  E.  coll  sus¬ 
pension  mixed  with  10  ml  of  the  phosphate  buffer.  All  tubes  were  incu¬ 
bated  for  16  hours  at  37°C,  followed  by  chilling  in  an  ice-bath  and  cen¬ 
trifugation  for  15  minutes  at  .'000  xg  at  4°C  .  The  sedimented  cells  were 
suspended  in  20  ml  of  the  pH  6 . 7  (0.2M)  phosphate  buffer.  This  process 
was  repeated  a  second  time  prior  to  electrochemical  studies. 

The  anolytes  consisted  of  5  ml  of  bacterial  suspension,  and 
5  ml  of  pH  6.7,  0.2M  phosphate  buffer.  The  cathode  compartment  con¬ 
tained  40  ml  of  0.1  M  potassium  ferricyanide  in  phosphate  buffer.  This 
established  the  cathode  as  a  nonpolarizabie  counter-electrode.  After 
equilibration  of  the  electrochemical  cells  to  bath  temperature  (37°C)  for 
10  minutes,  a  1 ,000  — resistance  was  Inserted  in  parallel  with  the 
cell  and  the  background  current  (I  ■  4-5  ua)  recorded  (Multriter  II,  Texas 
Instrument  Company)  for  a  period  of  5  minutes.  At  this  time  2 . 5  ml  of 
0.473  M  glucose  was  rapidly  added  in  the  pH  6.7  buffer.  The  rate  of  in¬ 
crease  of  current  with  time  (dl/  *t) ,  the  maximum  current  (I  max) .  and  the 
coulomblc  outputs  were  obtained.  Each  series  of  experiments  was  per¬ 
formed  in  triplicate. 

The  current  time  curves  representing  each  experiment,  i.e.  ,  con¬ 
trol  antibody  and  7  S  antibody,  are  illustrated  in  Figure  1.  The  various 
electrical  parameters  obtained  from  the  curr^nt/tlme  curves  are  described 
in  Table  VII. 

These  results  indicate  that  the  couloklnetic  behavior  of  glucose 
metabolizing  E.  coll  0113  after  exposure  to  i9  S  and  7  S  antibody  show  dif¬ 
ferences  .  It  was  found  that  the  more  potent  19  S  fract  on  had  i . laximum 

inhibitory  effect  on  the  rate  of  electron  donation  by  the  bacterial  to  the 
electrode  as  indicated  by  the  lower  maximum  current  (I  max)  attained  by 
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the  electrochemical  system  as  compared  to  the  control.  In  addition,  the 
rate  of  transport  of  the  metabolizable  substrate  to  the  sites  of  enzymatic 
activity  within  the  cell  was  also  depressed.  This  was  suggested  by  the 
lower  rate  of  initial  current  increase  (dl/dt)  after  introduction  of  the  sub¬ 
strate  into  the  system.  The  less  potent  7S  fraction  had  a  relatively 
smaller  effect  on  the  above  parameters.  Neither  the  19  S  or  7S  antibody 
fractions  had  any  apparent  effect  on  the  microorganisms'  ability  to  me¬ 
tabolize  the  total  quantity  of  sjbstrate  as  indicated  by  the  coulomblc 
outputs  being  essentially  the  same  for  the  control  as  for  those  £.  coll 
previously  exposed  to  the  antibody. 

Summary  and  Cpnclystons- 

1.  Immunochemical  studies  of  serum  and  nasal  secretions  obtained 
from  individuals  and  recruits  undergoing  natural  infection  with  adeno¬ 
virus  type  4  and  other  adenoviruses  have  been  studied  utilizing  radio¬ 
immunodiffusion.  These  studies  have  shown  that  this  technique  allows 
the  characterization  of  the  various  classes  of  antiviral  antibody  with  a 
degree  of  precision  in  clarity  not  possible  by  other  techniques. 

?.  Studies  of  the  immune  response  following  measles  immunization 
of  children  have  been  completed.  These  studies  have  been  extended  to 
include  investigations  of  untoward  vaccine  reactions  seer,  in  prior  recipi¬ 
ents  of  inactivated  vaccine  who  are  subsequently  exposed  to  live  virus 
either  in  nature  or  as  a  consequence  of  live  measles  immunization.  These 
studies  have  shown  the  importance  of  viral-antiviral  complexes  in  the 
pathogenesis  of  untoward  reactions. 

3.  Studies  in  the  human  and  in  the  experimental  animal  utilizing 
Salmonella  and  E.  coli .  respectively,  have  been  completed.  In  the  ex¬ 
perimental  animal  these  studies  have  been  extended  to  include  studies  of 
the  electrochem.oal  events  following  interaction  of  purified  19  S  and  7S 
antibody  on  the  metabolism  of  £.  coll . 
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Development  of  Adenovirus  Type  4  Antibody  in  Serum  and  Nasal 
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=  No  antibody  in  undiluted  specimen. 


Clinical  Data  in  Individual  Children  Previously  Immunized  with  Inactivated  Vaccine  (K-MV) 


+  3  Local  erythema  and  Induration  <5x5  cm,  ♦  fever  )01°r,  ♦  regional  adenopathy 


Table  VI 


Number  In  parentheaea  indicate*  the  day  prior  to  or  after  admlniatratlon  of  L-MV  vaccine 
NT  -  Teat  not  completed 


Table  VII 


Comparative  Electrical  Behavior  of  Escherichia  coli  0113  after  Exposure 
to  19  S  and  7S  Antibody  Fractions  When  Metabolizing  Glucose 


dl/dt 

(uA/min) 

I  max 
(uA) 

Coulombs 

Control 

8.19  ±  .09 

705  ±  5 

8.3  ±  0.3 

19  S 

3. 19  ±  .07 

530  ±  5 

8.1  ±  0.2 

7  S 

4.17  ±  .12 

565  ±2.5 

8.6  ±  0.2 
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23.  (U)  To  investigate  genetic  and  metabolic  alterations  in  cell  populations  surviving 
injury.  Among  such  alterations,  those  responsible  for  the  progressive  deterioration 
observed  in  Individuals  exposed  to  ionizing  r.-.diation  and  for  the  difficulties  encounter¬ 
ed  in  the  use  of  frozen  cells  and  tissues  foi  grafting  have  military  significance  and, 
accordingly,  constitute  the  specific  objectives  of  this  project. 

24.  (U)  To  maximize  experimental  control,  in  vitro  cultures  of  partially  synchronized 
fibroblastic  cells  were  frozen  in  the  period  before  (Gl)  and  during  (S)  the  synthesis  of 
deoxyribonucleic  acid  (DNA)  and  the  Injury  thus  induced  was  analyzed  in  terms  of 
post-thaw  viability,  chromosomal  complement  and  division  cycle  kinetics. 

25.  (U)  68  07-69  06  While  there  has  been  extensive  investigation  into  mechanisms  con¬ 
trolling  cell  growth  and  regeneration  following  injury,  this  work  unit  is  concerned  with 
cytogenetic  and  metabolic  alterations  of  cell  populations  which  survive  injury.  Such 
alterati'ns  assume  obvious  Importance  in  terms  of  progressive  deterioration  observed  in 
Individuals  exposed  to  ionizing  radiation  and  the  problem  involved  in  use  of  frozen  cells 
and  tissues  for  grafting.  In  order  to  maximize  experimental  control,  a  well  defined  in 
vitro  culture  system  is  used  to  study  fibroblastic  cell  populations  following  L  eezing 
and  radiation  injury.  Experiments  on  >.rowth  kinetics  of  synchronous  populations  of  cells 
frozen  in  Gl  (pre-DNA  synthesis  phase)  and  S  (DNA  synthesis  phase)  support  the  evidence 
of  our  previous  studies  that  pre-DNA  synthetic  cells  are  highly  sensitive  to  convention¬ 
al  methods  of  freeze  preservation.  The  effect  of  freezing  is  lethal  for  50-60  perce  i 

of  these  populations.  However,  S  phase  cells  are  much  less  sensitive  to  the  freezing 
process  exhibiting  a  survival  of  appioximately  85  percent  of  the  controls.  The  lag  to 
log  to  stationary  transition  observed  in  these  cell  culture;  are  being  investigated  to 

f  relate  the  parameters  of  normal  growth  kinetics  and  metabolic  events  Lu  events  seen  in 
cell  injury,  survival  and  repair.  For  technical  reports,  see  W<lter  Reed  Army  Institute 
‘of 'Research  Annual  Progrets  Report,  1  Jul  68  -  30  Jun  69, 
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Associate:  Robert  I.  Werrlein,  M.S.;  Edwin  M.  Bartos,  PhD; 
James  M,  Vail,  Phr. 


The  Problem. 


Clinical  observations  and  animal  experimentation  have  shown  that  the 
sequence  of  changes  in  the  myelocytic  and  the  erythrocytic  series  after 
whole  body  exposure  to  ionizing  radiation  is  the  same  in  principle  for 
all  species  although  dose  and  time  relationships  vary  markedly  among 
species.  These  changes  are  shown  schematically  in  Figure  1.  Four 
phases  are  distinguished; 

1.  The  degenerative  phase,  during  approximately  the  first  five  days 
for  man,  'characterized  by  a  rapid  decline  of  the  peripheral  blood  count 
from  tne  normal  level  A  to  level  B.  The  degree  of  depression  and  the 
time  of  its  minimum  value  are  species-dependent  and  they  are  also  doBe- 
dependent  within  a  species.  At  very  high  doses  no  efforts  at  regenera¬ 
tion  are  seen  and  the  probability  of  infection  and  death  in  this  phase 
are  high.  At  doses  in  the  lethal  range,  however,  the  degenerative  phase 
is  terminated  by: 

2.  The  phase  of  abortive  rise,  approximately  from  day  five  to  day  seven 
for  man,  characterized  by  the  temporary  rise  of  the  blood  count  from 
level  B  to  level  C.  The  time  of  the  presence  of  the  abortive  rise  is 
species-dependent  and  its  magnitude  is  a  function  of  the  dose.  The 
abortive  rise  is  responsible  for  delaying  significantly  radiation  death, 
the  probability  of  which  is  highest  during: 

3.  The  phase  of  marked  and  prolonged  depression  of  the  blood  count  to 
level  P.  The  height  of  this  level  and  its  duration  are  also  species- 
and  dose-dependent;  in  man  it  lasts  approximately  from  day  seven  to  day 
thirty.  In  survivors  this  phase  is  succeeded  by: 

U .  The  final  regenerative  phase,  when  the  blood  count  returns  to  the 
normal  level  A  and  may  transiently  overshoot. 

The  peripheral  blood  count  represents  a  steady  state  equilibrium  between 
the  continuous  production  of  cells  and  their  maturation,  ageing  and 
death.  Consequently,  the  sequence  of  events  Just  described  may  be  best 
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explained  on  the  basis  of  the  injury  sustained  by  the  blast  cells  of 
the  hemopoietic  centers.  Three  types  of  such  injury  are  recognized. 

In  order  of  decreasing  severity  these  are:  a.  immediate  cell  death; 
b.  delayed  cell  death,  occurring  after  the  cells  complete  a  limited 
number  of  post-irradiation  divisions;  cells  sustaining  this  type  of 
injury  are  referred  to  as  inactivated  cells,  c.  temporary  division 
delay,  immediately  after  irradiation,  affecting  inactivated  cells  as 
well  as  those  which  have  escaped  permanent-  injury  altogether. 

Following  irradiation  the  cell  population  density  in  the  peripheral 
blood  decreases  from  its  normal  level  A  to  level  B  as  a  result  of  the 
first  and  the  third  types  of  injury.  -  The  temporary  increase  of  the 
cell  density  to  level  C,  referred  to  as  abortive  rise  is  due  to  the 
limited  number  of  divisions  which  inactivated  blast  cells  undergo  when 
the  temporary  delay  effect  wears  off.  The  subsequent  decrease  to  level 
D  would  be  due  to  the  death  of  these  cells  and  the  depletion  of  the 
hemopoietic  centers  except  for  the  small  number  of  blasts  without  injury. 
If  level  D  is  compatible  with  life  the  gradual  repopulation  of  the  hemo¬ 
poietic  centers  by  the  blasts  which  escaped  injury  results  in  the  even¬ 
tual  restoration  of  the  normal  peripheral  cell  population  density  during 
the  final  regenerative  phase. 

As  it  was  stated  previously,  the  abortive  rise  C  is  responsible  for 
delaying  significantly  radiation  death,  the  probability  of  which  is 
highest  during  the  ensuing  depression  to  level  D.  It  follows  that  if 
inactivated  cells  could  be  induced  to  perform  a  greater  number  of  divi¬ 
sions,  thus  maintaining  the  blood  count  at  level  C  until  the  advent  of 
the  final  regenerative  phase  (see  dotted  line  C-c  in  Figure  l),  radia¬ 
tion  death  would  be  prevented. 

Accordingly,  the  objective  of  this  task  is  the  study  of  the  mechanisms 
allowing  inactivated  cells  to  perform  a  limited  number  of  post-irradi¬ 
ation  divisions  and  of  ways  that  could  be  used  to  increase  that  number. 

It  is  expected  that  this  in  turn  will  lead  to  the  development  of  thera¬ 
peutic  methods  for  radiation  injury,  i.e.  treatment  after  exposure,  in 
contrast  to  the  presently  available  methods  of  limited  prevention 
through  treatment  before  exposure. 

Approach . 

The  ability  to  perform  a  .limited  number  of  divisions  after  inactivation 
is  not  limited  to  the  blast  cells  of  the  hemopoietic  systen  but  is 
shared  by  all  irradiated  cell  systems  iri  vivo  as  well  as  in^  vitro. 

The  latter  allow  naximal  experimental  control  and  analytical  resolution. 

A  number  of  important  cytogenetic  and  metabolic  parameters  of  such  a 
systen,  involving  large  populations  of  mouse  fibroblastic  cells  in 
suspension,  are  under  intensive  study  in  connection  with  the  mechanisms 
involved  in  freezing  injury  (cv*.  Walter  Heed  Amy  Institute  of  Research 
Annual  Progress  Report,  this  Work  Unit,  30  June  1963)  and  wound  healing 
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(cf.  Walter  Reed  Army  Institute  of  Research,  Annual  Progress  Report, 
Work  Unit  075,  Cell  Growth  and  Regeneration,  30  June  1969 )• 

The  advantages  of  utilizing  uhe  same  system  to  study  radiation  injury 
are  obvious,  provided  that  early  findings  on  post-irradiation  division 
obtained  through  experiments  involving  small  numbers  of  cells  seeded 
on  glass  (Glinos,  A.D,  and  North,  H.H.  Trans.  U.Y.  Acad.  Sci.  II, 

26:  1^5,  1963)  are  shown  to  be  applicable  to  large  suspension  cultures. 
This  change  of  scale  in  the  experimental  system  is  essential  since  it 
is  most  likely  that  the  desired  increase  of  the  number  of  post-irradi¬ 
ation  divisions  performed  by  inactivated  cells  will  involve  their  sup¬ 
plementation  with  essential  metabolites,  the  identification,  extraction 
and  purification  of  which  will  necessitate  large  numbers  of  cells  as 
source  material. 

Results. 


In  the  aforementioned  early  experiments,  replicate  cultures  on  glass 
were  prepared  using  small  cell  inocula  originating  in  suspension  cul¬ 
tures  which  were  either  in  the  low  density  logarithmic  phase  of  growth 
or  in  the  high  density  stationary  phase.  These  replicate  cultures  were 
irradiated  and  the  analysis  of  the  dose-response  curves  obtained  indi¬ 
cated  that  inactivated  cells  originating  in  the  logarithmic  phase  of 
growth  were  capable  of  performing  a  larger  number  of  post-irradiation 
divisions  than  similarly  irradiated  cells  originating  in  the  stationary 
phase. 

Turing  the  period  covered  by  the  present  report,  it  wrs  sought  1.  to 
develop  a  method  for  detecting  the  number  of  post-irradiation  divisions 
performed  by  inactivated  cells  following  a  single  radiation  dose  deliv¬ 
ered  directly  to  a  large  suspension  culture;  and  2.  to  investigate 
possible  differences  in  the  chromosomal  complement  of  the  cells  in  the 
logarithmic  and  the  stationary  phases  which  could  be  involved  in  the 
different  response  to  irradiation  suggested  by  the  early  experiments. 

1.  In  the  case  where  continuous  cell  division  balanced  by  cell  death 
results  in  a  steady  state  population  such  as  the  one  shown  in  Figure  1, 
it  is  to  be  expected  thnt  the  loss  of  the  ability  of  a  part  of  the 
population  to  divide  either  immediately  (cell  death),  or  following  a 
few  divisions  (cell  inactivation),  will  be  reflected  by  a  decrease  in 
the  steady  state  level,  regardless  of  whether  there  is  immediate  dis¬ 
integration  of  the  dead  or  inactivated  cells,  or  not.  It  i3  precisely 
this  process  which  is  illustrated  by  the  changes  Ah  and  CD  of  the  blood 
count  in  Figure  1.  In  contrast,  when  continuous  cell  division  without 
cell  death  results  in  a  logaritlunically  increasing  cell  population, 
radiation  induced  cell  death  or  cell  inactivation  will  result  in  actual 
decrease  of  the  cell  count  only  if  followed  by  immediate  disintegration 
When  disintegration  is  delayed,  as  in  often  the  case  with  ionizing  raui 
ation  in  the  lethal  range,  dead  and  inactivated  cells  will  continue  to 


be  counted  and  it  may  be  predicted  that  the  population  curve  will  show 
a  declining  rate  of  growth  or  a  plateau  and  only  a  minimal  necline  in 
cell  number.  In  ouch  a  case,  the  number,  the  time  of  appearance,  and 
the  duration  of  the  plateaus  in  relation  to  the  radiation  dose  would 
allow  the  recognition,  in  the  po3t-i rradiation  population  curve  of  a 
logarithmically  growing  suspension  culture,  of  the  four  phases  shown 
in  Figure  1.  This  in  turn  would  provide  the  means  for  a  comparative 
estimate  of  the  nunber  of  post-irradiation  divisions  performed  by  in¬ 
activated  cells. 

In  order  to  test  the  validity  of  this  concept, suspension  cultures  of 
the  L  strain  mouse  fibroblasts  were  net  up  in  liable's  minimum  essen¬ 
tial  medium  (silEI')  supplemented  with  It:  per  cent  horse  serum.  Initial 
total  suspension  volume  and  populatin'  v.emiity  were  200  ml  and  3,5  to 
l*,5  x  105  cells  per  milliliter  respectively.  The  temperature  of  incu¬ 
bation  was  35°C  and  the  gas  phase  '»  per  cent  00y  in  air.  The  medium 
of  the  culture  was  changed  daily.  Under  these  conditions  growth  was 
logarithmic  with  the  population  density  of  the  culture  uoublinr  approx¬ 
imately  every  2h  hours.  When  a  density  of  10^  cells/ml  was  reached, 
the  cultures  were  divided  into  k  equal  parts  of  U 5  ml  each,  which  were 
then  centrifuged  for  30  min  at  BOO  rpn,  Each  cell  pellet  obtained  was 
resuspended  in  100  ml  of  fresh  medium  placed  in  a  250  ml  Erlenmeyer 
flask.  Three  of  the  flasks  were  then  irradiated  with  progressively 
increasing  doses,  using  a  Co^°  gamma  ray  source  delivering  200  R/min, 
the  fourth  serving  as  control.  Following  irradiation  all  four  flasks 
were  incubated  under  identical  conditions.  The  media  were  renewed 
daily  by  centrifuging  the  cultures  and  the  cell  populations  diluted 
whenever  densities  exceeded  10“  cells/ml.  Cell  counts  were  performed 
at  the  end  of  each  2h  hour  incubation  period.  Just  prior  to  medium 
renewal,  and  again  2  hours  later.  The  latter  delay  was  necessary  in 
order  to  obtain  a  proper  dispersion  of  the  cells  from  the  centrifuga¬ 
tion  pellet. 

The  results  of  sucn  an  experiment  are  shown  in  Figure  2,  where  the  log¬ 
arithmic  increase  of  the  population  density  is  indicated  on  the  left 
ordinate  while  the  corresponding  number  of  population  doublings  is  indi¬ 
cated  on  the  right  ordinate.  It  can  be  seen  that  following  irradiation 
on  day  0,  there  is  a  decline  in  the  rate  of  growth  indicated  by  a  de¬ 
crease  of  the  slope  of  the  cell  population  curves  of  all  three  irradi¬ 
ated  flasks  compared  to  the  control.  There  are  no  plateaus  in  the 
growth  curves  of  the  flasks  irradiated  with  300  H  and  ,»00  R  and  there¬ 
fore  it  is  not  possible  to  identify  discrete  phases  in  the  post-irra¬ 
diation  kinetics  or  these  cultures.  In  contrast,  in  the  case  of  the 
flask  irradiates  vita  5C0  !?,  the  initial  decline  of  the  slope  of  the 
coll  population  curve  leads  to  a  plateau,  followed  by  r  period  of  growth 
from  tac  fourtn  to  the  ninth  day  at  which  time  a  second  plateau  of  one 
day's  duration  is  succeeded  by  tne  resumption  of  logurithnic  growth. 


by  comparing  this  curve  with  ti.o  curve  shown  on  figure  1  and  on  the 
bunis  of  tile  analysis  of  cellular  radiation  injury  made  previously, 


it  is  suggested  that  the  first  four  days  after  irradiation  with  500  R 
correspond  to  the  degenerative  phase.  This  would  be  caused  by  tempo¬ 
rary  division  delay  and  cell  death  followed  by  some  cell  disintegra¬ 
tion,  hence  the  negative  slope  of  the  curve  from  day  3  to  4.  The  phase 
of  the  abortive  rise,  due  to  the  proliferation  of  inactivated  cells 
together  with  uninjured  cells,  would  be  represented  by  the  growth  pe¬ 
riod  between  day  4  and  day  9  while  the  second  plateau  would  indicate 
the  end  of  this  process  and  the  initiation  of  the  regenerative  phase 
on  day  10. 

2.  A  quantitative  analysis  of  the  chromosomal  complement  of  the  cells 
used  in  the  system  and  of  the  alterations  induced  by  freezing  injury 
has  already  been  given  (Glinos,  A.D.  and  Hargrove,  D.D.  ibep.  Cell  Res. 
39:  249,  1965,  and  Walter  Reed  Army  Institute  of  Research  Annual  Pro¬ 
gress  Report,  this  Work  Unit,  30  June  1968).  Using  these  previous 
data  as  a  baseline,  the  frequency  distribution  of  the  chromosomes  of 
cells  in  the  logarithmic  and  the  stationary  phases  of  growth  was  com¬ 
pared  and  the  results  are  shown  in  Table  1.  A  significant  difference 
was  found  in  regard  to  the  per  cent  of  cells  naving  40-49  cliromosomes, 
i.e.  being  Just  hyperdiploid,  which  decreased  and  the  per  cent  of  cells 
having  80  chromosomes  or  more,  i.e.  being  tetra-  and  hypertetraploid, 
which  increased  in  the  stationary  phase. 

Discussion,  Conclusions  and  Recommendations. 

1.  As  it  was  mentioned  earlier,  tne  current  ocjective  of  tni3  taaa  is 
the  development  of  a  therapeutic  method  for  radiation  injury  based  on 
maintaining  the  blood  count  at  the  level  of  the  abortive  rise  until 
the  advent  of  the  regenerative  phase  (cf.  Figure  1,  line  C-c).  To  do 
so,  it  will  be  required  that  the  process  of  post-irradiation  division 
01  inactivated  cells,  which  results  in  tne  abortive  rise,  be  prolonged. 
Inactivation  involves  genetic  injury  rendering  the  cells  unable  to  syn¬ 
thesize  the  R.1A  messengers  and  protein  factors  necessary  for  cell  divi¬ 
sion.  Their  ability  to  perform  a  limited  number  of  divisions  under  the 
circumstances,  therefore,  indicates  a,  that  these  division  factors 
are  stored  in  the  cells  in  quantities  sufficient  for  tne  initiation  of 
several  divisions,  and  b.  tuat  division  stops  when  tnese  factors  are 
diluted  below  a  minimum  essential  level  by  tne  very  process  of  division 
which  they  induce. 

Tne  problem  of  prolonging  division  of  inactivated  cells,  therefore,  has 
two  parts:  first,  identification,  extraction  and  purification  of  the 
division  factors,  and  second,  supplementation  of  inactivated  ceil? 
with  these  factors. 

In  turn,  the  problem  of  the  identification  of  tne  division  factors 
would  be  greatly  facilitated  if  it  coulJ  be  demonstrated  mat  under 
rigidly  controlled  experimental  conditions  the  concentration  of  these 
factors  in  a  given  cell  system  may  be  made  to  change  in  a  predictable, 
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reproducibln  way,  This  appear*  to  be  precisely  l  *e  case  in  me  ceil 
culture  system  described,  vnerc  U»e  fact  mat  ctlU  Inactivated  la 
the  stationary  phase  perform  fewer  divisions  than  cells  inactivated 
during  tha  logarithmic  phase,  suggests  that  tha  fo rmer  contain  a  lower 
concentration  of  the  division  factors  than  toe  latter. 

The  sequence  of  events  following  irradiation  described  in  detail  in 
the  section  on  results  suggests  further  that  in  suspension  cultures 
the  number  of  division*  performed  0/  inactivated  cells  is  indicated 
by  the  height  of  the  second  plateau.  In  the  case  of  me  logarith¬ 
mically  growing  culture  irradiated  with  >OJ  H  shown  in  Figure  2,  this 
plateau  is  at  tne  height  of  Just  under  four  population  doublings. 

This  Is  in  excellent  agreement  with  me  figure  of  Just  under  four  di¬ 
visions,  indicated  by  the  dose-response  curves  obtained  earlier  with 
cultures  growing  on  glass  (cf.  Gllnos,  A.D.  in  Control  of  Cellular 
Growtn  In  Adult  Organlsu,  Figure  J.  Academic  Frees  u ©neon,  i/oY). 
Accordingly,  it  Is  proposed  to; 

a.  Continue  tne  worx  on  irradiated  logarithmic  cultures  0/  addi¬ 
tional  experiments  of  the  type  described  in  Figure  includit.g  addi¬ 
tional  radiation  doses  and  using  plating  efficiency  viability  tests 
and  tnyaldlne  labelling  tc  obtain  detailed  information  on  me  rela¬ 
tive  contribution  of  temporary  division  delay,  cell  deatn  ana  ceil 
inactivation  to  the  sequence  of  events  following  Irradiation.  This 

In  turn  will  allow  tne  determination  of  tne  number  of  divisions  per¬ 
formed  by  inactivated  cells  wltn  a  far  greater  accuracy  than  it  was 
nitnerto  possible. 

b.  Repeat  the  experiments  des  ••'ibed  above,  wltn  lrraJlateu  sta¬ 
tionary  suspension  cultures.  In  this  case  growth  will  be  induced  by 
dilution  1  Mediately  after  the  egposure  to  radiation,  dy  taxing  into 
consideration  the  xloetice  of  the  leg  phase  following  such  dilution 
it  will  be  possible  to  evaluate  the  number  of  divisions  performed  oy 
inactivated  cells  and  to  determine  whether  tne  difference  between 
cells  originating  in  tne  logarltumle  and  stationary  phases,  found 
previously  wltn  cultures  grovn  on  gless,  nolds  also  true  for  suspen¬ 
sion  cultures. 

c.  In  case  this  difference  is  confirmed,  to  begin  H.’JA  and  pro¬ 
tein  analysis  of  cultures  in  tne  logarithmic  and  the  stationary  phenes. 
In  mis  fasnlon,  concentration  differences  found  between  tnese  two 
types  of  cells  will  lead  to  an  early  distinction  between  molecular 
species  wuich  are  lixely  to  be  involved  in  tne  initiation  of  cels 
division  and  those  wniett  are  not. 

d.  Test  the  ability  of  the  fractions  thus  obtained  to  increase 
the  number  of  post-lrradlatloo  divisions  of  inactivated  ceils  tnroug 
addition  to  the  awdia  of  suitably  irradiated  cultures. 
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ii.  An  alternative  interpretation  of  the  finding  that  inactivated  sta¬ 
tionary  pnaae  calls  are  capable  of  fewer  post-irradiation  divisions 
tnaa  similarly  inactivated  logarithmic  phase  cells  v^uld  be  that  the 
chromosomal  complement  of  the  cells  undergoes  such  changes  during  the 
stationary  phase  tnat  it  sustains  greater  chromosomal  injury. 

In  Table  1  the  eleven  per  cent  of  cells  with  tetra-  and  hypertetra- 
plold  chromosome  numbers  (  ->  80  range)  in  the  stationary  phase  is 
compensated  by  a  corresponding  decrease  of  the  diploid  and  nyperdi- 
plold  cells  (fao-Uy  range).  This  Indicates  that  the  process  respons¬ 
ible  for  the  Increase  of  the  cells  with  more  than  60  chromosomes  is 
eodoaltosis  which  results  in  Chromosome  redundancy.  In  turn,  this 
increases  radiation  resistance  in  the  sense  that  it  enhances  the 
capability  of  the  cells  to  sustain  a  certain  amount  of  chromosomal 
injury  without  untoward  effects  on  cell  life  and  function. 

These  data  then  would  tend  to  exclude  cnroaosomal  injury  as  a  factor 
contributing  to  the  reduced  number  of  post-irradiation  divisions  that 
cells  inactivated  during  the  stationary  phase  are  able  to  perform.  It 
is  proposed  to  test  the  validity  of  this  concept  by  direct  analysis  of 
chroaosomal  injury  during  the  first  fou.'  divisions  of  cells  irradiated 
in  the  logarithmic  and  the  stationary  phi. sot. 
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Task  00  In-House  Laboratory  Independent  Research 

Work  Unit  108  Cytogenetic  and  metabolic  determinants  in  the  evolution  of  cell 
populations  following  injury 

Publications. 

None. 
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23.  flJ)  Definition  and  evaluation  of  various  environmental  and  personaL  factors  which 
contribute  to  physical  and  psychological  stress  experienced  by  military  personnel,  and 
determination  of  how  these  affect  the  overt  clinical  manifestations  of  naturally  acquired 
Infections.  When  factors  are  defined,  efforts  to  modify  clinical  manifestations  by 
modification  of  environment  or  human  response  to  it  are  made. 


[Pll  Redacted] 


24.  (U)  Endemic  overt  diseases  in  military  populations  are  identified  and  studied  for 

mlcrob.  etiology,  variation  in  clinical  manifestations.  Environment  in  which  they  occur 

is  defined.  These  findings  are  correlated  with  patient  / s  immunological  susceptibility, 

physiological  responses  to  environment  and  its  stresses,  and  with  personality  types,  and  « 

social  backgrounds.  Factors  suspected  of  influencing  disease  severity  are  evaluated  in 

controlled  experiments. 


25.  (U)  69  01  -  69  06  All  hormonal  and  statistical  analyses  on  this  project  are  now 

complete.  Because  of  several  striking  pre-illness  hormonal  differences  in  the  sick  and 
control  groups,  it  is  felt  that  the  findings  of  this  study  merit  publication  and 
preparation  of  the  manuscript  is  now  in  progress.  For  technical  reports,  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Report,  l  Jul  68-30  Jun  69. 
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Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  113,  Effect  of  physiological  and  psychological  stress  upon 
Infection  and  disease 

I nvestlgators . 

Principal:  John  W,  Mason,  M.D,;  COL  Edward  L.  Buescher,  MC 
Associate:  Robert  M,  Rose,  M.D,;  CPT  Richard  0.  Poe,  MC; 

CPT  Marvin  S.  Wool,  MC;  Edward  H.  Mougey,  M.S.; 

Frances  E.  Wherry,  A.B.;  David  R.  Collins,  B.S.; 
Elizabeth  D.  Taylor,  M.S.;  Percy  T.  Ricketts,  B.S.; 
Norman  Krasnegor,  M.S. 

Description. 

This  study  was  designed  to  explore  the  possibility  that  stress- 
related,  pre-illness  changes  in  hormonal  levels  may  play  a 
contributory  role  In  the  pathogenesis  of  acute  respiratory  infec¬ 
tions.  The  feasibility  of  the  study  was  suggested  by  the  high 
incidence  of  acute  adenovirus  infections  in  Army  recruits  during 
basic  training  in  the  winter  months  at  Ft.  Dix,  New  Jersey. 
Furthermore,  the  great  majority  of  such  illnesses  usually  are 
clustered  during  the  third  and  fourth  week  of  basic  training.  It 
was,  therefore,  possible  to  study  a  population  in  which  a  very 
high  incidence  of  respiratory  Illness  could  be  predicted  within  a 
designated  two-week  period. 

P  rogress . 

Hormonal  Balance  in  Medical  Illness. 


Respiratory  Infection.  New  findings  have  emerged  from  further 
analysis  of  hormonal  data  from  our  study  of  basic  trainees  at 
Ft.  Dix  in  relation  to  respiratory  infections.  Two-dimensional 
analyses  of  the  frequency  of  extremely  high  or  extremely  low 
17-OHCS,  etiocholanolone,  androsterone  and  thyroxine  levels  during 
the  pre-illness  period  indicate  a  significantly  higher  percentage 
of  extreme  values  in  the  pre-illness  group  than  in  a  control  group. 
While  our  number  of  subjects  is  relatively  small,  it  is  felt  that 
these  and  other  findings  of  hormonal  changes  prior  to  onset  of 
respiratory  infections  merit  publication. 

Summary  and  Conclusions. 

All  hormonal  and  statistical  analyses  on  this  project  are  now 
complete.  Because  of  several  striking  pre-illness  hormonal  differ¬ 
ences  in  the  sick  and  control  groups,  it  is  felt  that  the  findings 
of  this  study  merit  publication  and  preparation  of  the  manuscript 
is  now  in  progress. 
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Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


Task  00  In-House  Laboratory  Independent  Research 

Work  Unit  113  Effect  of  physiological  and  psychological  stress  upon  infection 
and  disease 

Publications. 

None. 
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23  (U)  To  characterize  the  intestinal  lesions  of  tropical  sprue  and  infectious 
hepatitis  and  to  attempt  to  identify  virus  particleB  in  specimens  from  patients 
with  these  diseases. 

24  (U)  By  electron  microscopy  intestinal  specimens  from  U.  S.  soldiers  with  infectious 
hepatitis  and  tropical  sprue  are  being  studied  to  show  the  changes  that  occur,  relate 
them  to  physiologic  abnormalities  and  attempt  to  demonstrate  viral  particles. 


25  (U)  68  05  -  69  06  No  progress  was  achieved  during  the  period  of  this  report 
because  of  the  unavailability  of  a  functioning  electron  microscope.  Project  is  being 
continued  for  one  year  without  additional  funds. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  In-House  Laboratory  Independent  Research 
Work  Unit  118,  Electron  microscopy  of  intestinal  epithelium 
Investigators. 

Principal:  Roberta  Hartman,  Ph.D. 

Associate:  Richard  Hartman,  Ph.D.  and  COL  Marcel  E.  Conrad,  MC 

No  work  was  performed  under  this  contract  during  this  fiscal  year 
for  technical  reasons  beyond  the  control  or  the  investigators. 
Project  to  be  continued  without  additional  funding  through  the  next 
fiscal  year  for  completion. 
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Task  00,  In-House  Laboratory  Independent  Research 
Work  Unit  118,  Electron  microscopy  of  Intestinal  epithelium 
Publications. 

None. 
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23.  (U)  To  determine  the  quantitative  aspects  of  growth  cf  malaria  parasites  in  terms 

of  rate  of  synthesis  of  protein,  lipids  and  nucleic'  acids. 

2**.*  (U)  By  examination  of  the  cellular  and  subcellular  entities  comprising  malaria 
parasites  with  cytospectrophotometry,  interference  microscopy  and  quantitative  electron 
microscopy. 

25.  (U)  69  01  -  69  06  The  increase  in  red  cell  volume  from  time  of  entry  of  a 

merozoite  has  been  measured.  Cytofluorometric  measurement  of  total  DNA,  FNA,  and 
protein  has  been  done.  Preparations  of  disrupted  parasites  have  made  possible  measure¬ 
ment  of  nuclear  contents.  The  structure  and  organization  of  the  nucleus  is  being 
studied.  The  protein  components  are  preferentially  susceptible  to  digestion  by 
pronase  and  the  effect  is  enhanced  by  a  combination  of  pronase  and  RNA-ase.  Instru¬ 
mentation  is  completed  for  diagnosis  by  changes  in  nuclear  patterns  in  electron  micro¬ 
graphs.  Technique  for  automated  screening  of  malarial  blood  smears  is  not  significant¬ 
ly  better  than  standard  methods.  For  technical  report  see  Walter  Reed  Army  Institute 
of  Research  Annual  Progress  Report,  1  Jul  68  -  30  Jun  69. 


Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


Task  00,  In-Hcuse  Laboratory  Independent  Research 

Work  Unit  119,  Cytochemical  analysis  of  growth  of  malarial  parasites 
Investigators. 

Principal:  Gunter  F.  Bahr,  M.D. 

Associate:  CPT  Kurt  Stenn,  MC:  CPT  Charles  Keszoely,  MSC 


This  is  a  continuing  project  whose  objective  is  an  in  deptn  elucida¬ 
tion  of  the  structure  and  composition  of  the  malaria  parasite,  with 
particular  reference  to  its  nucleus,  and  a  study  of  the  synthetic  mitotic 
activities  of  the  nucleus. 

Initial  studies  were  concerned  with  red  cell  volume  cnar.ges  in  in¬ 
fection.  These  have  been  reported  previously,  but  briefly  with  the 
penetration  of  the  merozoite  there  begins  a  slow  but  exponentially 
accelerating  volume  increase  of  the  red  cell  which  is  accompanied  by  a 
decrease  in  its  bouyant  density  and  at  higher  parasitemias,  increased 
osmotic  fragility. 

Recent  studies  have  been  concerned  with  the  parasite  nucleus.  Cyto- 
fluorometric  measurements  of  total  DNA,  RNA,  and  protein  content  have 
been  made.  Preparations  of  disrupted  parasites  reveal  in  the  nuclei  an 
assembly  of  bumpy  350-500  (mean  of  i20)  Angstrom  unit  thick  chromatin  fi¬ 
brils.  Calculation  of  the  total  length  of  fiber  and  of  its  DNA  content 
indicates  that  the  nuclear  DNA  of  plasmodia  is  tightly  packed  in  a  coiled- 
coil  fashion,  analogous  to  the  DNA  in  mammals  and  insects.  Other  cal¬ 
culations  give  a  total  double  helix  length  of  15,3^0  microns,  or  in  other 
words,  1] j  microns  of  DNA  are  packed  into  1  micron  of  1+20  Angstrom  fiber. 

Although  the  DNA  content  suffices  for  the  coding  of  about  300-1+0C 
different  proteins,  it  is  not  likely  that  all  of  the  parasite  genome  is 
active  at  any  time,  assuming  that  most  gene  functions  at  any  one  time  are 
suppressed  by  bonding  and/or  steric  mechanisms,  there  would  be  only 
limited  stretches  of  DNA  helix  accessible  to  DNA-intercalating  drugs  in 
the  non-replicating  chromatin. 

No  conclusion  can  be  reached  as  yet  on  how  the  chromatin  fibrils 
are  organized  into  chromosomes  and  into  how  many.  There  are  indications 
of  two  relatively  loosely  organized  chromosomes  which  tend  to  have  a 
close  relationship  to  nuclear  pores.  Several  electron  microscopic 
studies  have  shown  the  convergence  of  spindle  fibers  at  nuclear  pores 
as  well  as  cell  membrane  condensations  outside  these,  leading  eventually 
to  schizogenous  buds. 
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Measurement  of  DNA,  RNA,  and  nuclear  proteins  in  the  parasite 
nucleus  indicates  that  nuclear  composition  is  rather  analogous  to  that 

of  the  host. 

In  other  ultrastructure  studies  treatment  of  thin  sections  with 
pronase  resulted  in  most  of  the  cytoplasmic  elements  of  parasite  and 
red  cell  being  unaffected.  This  is  interpreted  to  mean  that  the  protein 
components  of  the  nucleus  are  preferentially  susceptible  to  digestion.  A 
combination  of  RNA-ase  and  pronase  digestions  enhanced  the  effect  on  the 
nucleus.  It  also  eliminates  the  numerous  RNP  particles  from  the  para¬ 
site  cytoplasm.  Since  nuclear  DNA  is  intimately  associated  with  proteins 
in  stranded  structures,  it  can  be  assumed  that  the  removal  of  these 
proteins  has  led  ilso  to  the  release  of  the  majority  of  the  DNA  from  the 
section.  Some  electron  dense  blotches  remain  in  the  nuclei  of  mature 
schizonts.  These  are  most  likely  DNA  condensations  in  an  organism  that 
is  about  to  shut-off  its  major  metabolic  activity. 

Preliminary  studies  had  indicated  that  fluorescence  techniques  when 
applied  to  scanning  of  malaria  blood  smears  had  greater  diagnostic  sensi¬ 
tivity  and  accuracy  than  conventional  techniques.  A  larger  series  of 
tests  revealed  that  fluorochromed  preparations  scored  only  insignificant¬ 
ly  higher  diagnostically  than  the  proven  stains.  Only  speed  of  count 
would  Justify  the  use  of  fluorochromes,  but  this  is  probably  not  suf¬ 
ficient  for  support  of  this  procedure. 

Efforts  in  the  immediate  future  are  to  be  concentrated  on  further 
study  of  plasmodial  nuclear  organization  using  three  avenues  of  approach. 
These  are:  enzyme  extraction  of  thin  sections;  autoradiography;  and  study 
and  measurement  of  chromatin  fibrils  in  various  stages  of  parasite 
growth  and  after  treatment  with  antiraal arials. 


56 


.*4 


Project  3A06I101A91C  IN-HOUSE 


l.AI ORATORY  INDEPENDENT  RESEARCH 


Task  00  In-House  Laboratory  Independent  Research 


Work  Unit  119  Cytochemical  analyst  of  growth  of  malarial  parasites 
Publications: 


None. 
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(V)  Kidney;  (0)  Body  Fluid*;  (0)  Keandlelyala;  (0)  Anuria;  (0)  Urania 


23  (C)  to  elucidate  the  palliotMMli  of  the  uranic  syndraae,  to  Identify  chealcal 
factor*  preaunably  roaponalbl*  for  uranic  eynptaaatology . 


26  (t)  Quantitative  technique*  of  esperlaeatal  paychology  are  eaployod  la  operant- 
candltlonod  rheeua  aeakey*  to  trace  hohavtoral  docreneata  (1)  la  the  courae  of  acute  and 
chronic  renal  failure  end  (2)  la  reepoea*  to  lafualoa  of  dlacrot*  chealcal  euhatancea 
or  of  enter tala  derived  fron  uranic  patient*.  Selected  *ub]*cta  are  alao  at ud led  by 
naan*  of  elect roeocophaloareaa . 

23  (0)  6*  07  -  66  10  The  uranic  eyndran*  ha*  been  eaperlneatally  Induced  la  rheeua 
noahey*.  Technique  of  peritoneal  dlalyale  haa  been  auccaaafully  enployod  to  revere* 
the  behavioral  change*  aaaoclatod  with  uronla.  Thua  a  nodal  la  now  available  to  etudy 
the  aeloctlvu  effect*  of  varloua  caapouada. 


Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  120,  Behavioral  base  Unas  for  the  experimental  study 
of  uremia 

Investigators. 

Principal:  COL  Paul  E.  Teschan,  MC 

Associate:  Dr.  J.  D.  Findley;  CPT  Richard  M.  Flnkel,  MC; 

CPT  Paul  B.  Lamborn,  Jr.,  VC;  C.  J.  McCormick,  Ph.D. ; 

LTC  Coy  D.  Fitch,  MC 

Descript  Ion. 

This  project  Is  an  attempt  to  develop  a  behavioral  model  for  the 
bloassay  of  uremia.  Briefly,  It  consists  of  training  rhesus  monkeys 
to  perform  certain  counting  tasks  by  operant  conditioning  behavior 
techniques,  followed  by  experimental  induction  of  uremia  by  ureteral 
ligation.  A  Measurable  and  reproducible  decline  In  counting  accuracy 
following  development  of  uremia  is  seen. 

Progress. 

The  behavioral  program  has  been  Improved  by  the  addition  of  counting 
requlreawnts.  In  one  preparation  It  has  been  possible  to  demonstrate 
a  measurable  decline  In  counting  accuracy  before  clinical  uremia  waa 
evident  and  to  reverse  the  decline  In  behavior  by  peritoneal  dlalyala. 
This  suggests  that  the  behavioral  change  was  due  to  uremia  and  that 
this  model  is  a  workable  bloassay  for  uremia. 

In  addition  the  techniques  of  peritoneal  dialysis  in  an  alert,  sitting 
rhesus  monkey  has  been  improved. 

Ret  n— i-ndat  Ions. 

A  behavioral  bloassay  for  uremia  has  been  successfully  developed.  This 
ax>del  may  now  be  utilised  as  a  test  system  for  specific  suspected  uremic 
toxins.  It  should  be  possible  to  maintain  elevated  concentrations  of 
the  suspected  toxin  while  correcting  all  other  biochemical  abnormalities 
of  uremia  by  selective  alterations  of  dlalysate  fluid. 

Research  will  continue  under  this  same  Project  3A061 101A91C,  but  under 
Work  Unit  188  entitled  as  above. 
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Project  3A061 101 A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00  In-Hcuse  Laboratory  Independent  Research 

Work  Unit  120  Behavioral  base  lines  foi  the  experimental  study  of  uremiu 
Publications: 


None. 
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('')  Dengue;  (U)  Viruses;  (U)  Antigens;  (C)  Biological  Properties 
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>  !")  Antigenic  analysis  of  dengue  viruses,  with  particular  reference  to  the  classific- 
r.  f  wild  viruses  recovered  in  various  parts  of  the  world;  character  izat’’ on  of 
((l  1  >g teal  properties  of  wild  dengue  viruses. 

■  »  V)  .'.invent  ionai  methods  for  antigenic  analysis  will  be  compared  with  novel  systems 
Jee.f  1  ying  cell  eurltire  techniques  and  partially  pure  lines  of  viruses.  Cross  protection 
Judies  in  rhesus  monkeys  using  selected  wild  dengue  1-1*  strains  will  he  undertaken  to 
ir’rreir.e  the  degree  and  duration  of  cross  protection  between  dengue  types. 

,H  10  -  t8  11.  Effective  with  renewal  on  68  11  01  project  was  transferred  to 
rega.arly  fundei  3A061102B71Q  program.  Future  reports  will  be  prepared  by  appropriate 
l-  ‘r-t  fficer.  HQ.  USAMRDC . 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  122,  Antigenic  and  biologic  classification  of  dengue  viruses 
Investigators . 

Principal:  W.  G.  Downs,  M.D. 

Associate:  LTC  Scott  B.  Halstead,  MC 

Description. 


In  order  to  augment  dengue  studies  at  WRAIR,  arrangements  were 
made  with  Yale  University  whereby  antigenic  analyses  and  biological 
characterization  of  dengue  virus  strains  were  undertaken  with  support 
from  ILIR  funds.  These  studies  were  intended  to  gain  more  insight  on 
cross-protection  between  dengue  strains. 


Progress  and  Results. 


Support  of  the  research  from  ILIR  funds  was  continued  only  from 
1  July  -  31  October  1968  when  the  project  was  transferred  to  a  regularly 
funded  program.  This  report,  therefore,  covers  only  that  period. 

Analyses  of  a  number  of  dengue  strains  from  dengue,  hemorrhagic  fever, 
and  mosquito  isolations  were  continued.  In  addition,  observations  were 
continued  on  monkeys  which  had  been  infected  initially  with  dengue  4  and 
challenged  3  months  later  with  dengue  2.  Additional  animals  were  infected 
with  dengue  4  in  an  attempt  to  determine  the  factors  affecting  repro¬ 
ducibility  of  abnormal  host  reactions  and  the  mechanism  of  this  reaction. 


Recommendations . 


In  view  of  the  military  interest  in  dengue  in  general  and  this 
research  in  particular,  it  was  recommended  that  the  project  be  continued. 
Consequently,  effective  with  renewal  of  the  contract  on  1  November  1968, 
support  was  transferred  to  a  regularly  funded  program  (3A061102B71Q) . 

The  present  work  unit  is  therefore  terminated. 
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Pi jject  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Tatk  00,  In-liouse  Laboratory  Independent  Research 

Work  Unit  122,  Antigenic  and  biologic  classification  of  dengue  viruses 
Investigators. 

Principal:  W.  G.  Downs,  M.D. 

Associate:  LTC  Scott  B.  Halstead,  MC 

Publications. 

None. 


63 


69  07  01 


U)  Population  Oenetlcs  of  Hemoglobin  E.  Thalassemia  and 
■  (n)  foti 


010100  Mlcrob.jlogy 


Walter  Reed  Army  laatltute  of  Research 
‘  Washington .  DC  20012 


‘Medical  School 
University  of  Michigan 
Ann  Arbor,  Mich  L8105 


Nerooey,  COL  W.  H. 

202-5T6-3551 


F orel a  Intel licence  Rot  Considered 


Rucknagel,  D.  L. 


•m  Frick,  COL  L.  P. 


obln  E;  (U)  Thalassemia;  (U)  Genetics;  (U)  Population 


23.  (0)  To  perforn  detailed  epidemiologic  studies  In  Thailand  of  certain  traits.  In¬ 

cluding  various  hemoglobins  and  blood  entymes,  as  they  nay  relate  to  susceptibility 
or  resistance  to  selected  epidemic  diseases, 
e 

2k.  (0)  Examination  of  specimens  collected  from  family  and  tribal  groups  In  Thailand. 

Serologic  and  biochemical  studies  to  be  performed  mainly  In  the  U.8. 

23.  (U)  69  01  -  69  06  Contract  has  been  extended  without  additional  funds  so  as  to 

permit  further  analysis  of  a  great  amount  of  data.  Results  of  the  first  analysis 
have  been  published.  In  brief,  a  unique  rapidly  migrating  inherited  variant  of 
ceruloplasmin  has  been  detected.  I3*e  variant  is  as  common  as  HCE  and  Its  frequency 
varies  with  RGE  In  the  country.  Thalassemia  Is  most  common  In  Northern  Thailand. 
Sl^ilficaat  differences  In  blood  group  gene  frequencies  are  also  evident  In  the 
analysis  but  they  do  not  correlate  well  with  the  above  system.  For  technical  reports 
see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Jul  66-30  Jun  69. 
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Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  123,  Population  genetics  of  Henoglobin  E,  thalassemia  and 
related  genetic  polymorphisms  in  Thailand. 


Investigators. 

Principal:  Donald  L.  Rucknagel,  M.D. 


The  purpose  of  this  -esearch  is  to  perform  detailed  epidemiologic 
studies  in  Thailand  on  genetic  blood  polymorphism  in  order  to  obtain 
information  on  their  relationship  to  susceptibility  or  resistance  to 
epidemic  diseases. 

Blood  specimens  were  collected  from  over  3000  persons  in  10  provinces 
throughout  Thailand.  These  have  been  treated  with  standard  procedures 
according  to  the  type  of  polymorphism  under  consideration.  Since  then 
various  analyses  have  been  performed. 

In  an  analysis  that  has  been  completed  recently  the  investigator  re¬ 
ported  detection  of  a  unique,  rapidly  migrating  Inherited  variant  of 
ceruloplasmin  which  is  described  as  the  Thai  variant.  This  variant  is  as 
common  as  Hemoglobin  E  and  its  frequency  varies  with  HGE  in  Thailand. 

These,  plus  the  A  form  of  6-phosphogluconate  dehydrogenase,  constitute  a 
system  of  coordinated  dines  with  a  maximum  frequency  in  Northwestern 
Thailand  and  progressively  lower  frequencies  in  North,  Central  and  Southern 
regions.  Thalassemia  is  most  common  in  Northern  Thailand.  Significant 
differences  in  blood  group  gene  frequencies  are  also  evident  in  the  analy¬ 
sis.  However,  they  do  not  correlate  well  with  the  above  systems.  Rh 
gene  frequencies  are  different  in  Southern  Thailand  from  the  reulnder  of 
the  country,  e.g.,  blood  group  0  is  more  frequent  in  Northern  Thailand 
than  elsewhere,  but  in  Surin  Province  it  is  lower  than  elsewhere  in  the 
Northeast.  The  frequency  of  M  is  also  lowest  in  Surin  Province. 

The  data  thus  far  indicate  strong  migratlonal  effects  and  ethnic  dif¬ 
ferences.  The  question  of  selection  must  be  deferred  to  a  later  analysis. 

Further  analyses  are  in  process  and  will  be  reported  as  completed. 
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Project  3A061 101 A91C  IN- HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00  In-House  Laboratory  Independent  Research 

Work  Unit  123  Population  genetics  of  Hemoglobin  E,  thalassemia  and  related 
genetic  polymorphisms  in  Thailand 


Publications: 
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009700  Mathematics  and  Statistics 


"*•**  University  of  Toronto 
Ontario,  Canada 
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Gottlieb,  C.  C. 
T,L*~°-  416-928-2986 


Jacobus,  D.  P 


U)  Mathematics 


tiv*.-  H  imuat  u  i 


23  (U)  A  method  of  encoding  planar  graphs  which  is  minimal  in  length  has  previously  been 
described  by  list  coding  as  ideal  from  a  computer  point  of  view.  It  is  not  recognizable 
to  u  chemist.  The  technical  objective  of  this  work  is  to  develop  a  mechanism  for  de¬ 
coding  this  computer  notation. 

24  (U)  The  parenthesis  code  is  to  be  translated  back  into  coordinates  so  as  to  consti¬ 
tute  a  "picture".  The  technique  involves  the  routing  of  the  chemical  graph  in  a  plane 
starting  from  an  edge  rather  than  from  the  center  or  centers  of  the  graph. 

25  (U)  68  07  thru  69  06  The  contract  with  the  University  of  Toronto  is  concerned  with 
the  problem  of  isomorphism  with  the  specific  objective  of  attempting  to  stay  within  the 
parenthesis-bracket  code  for  representation  of  chemical  structures  and  yet  so  manipulate 
the  cord  as  to  obtain  a  tree  permitting  easy  codiiig  and  decoding  of  the  notation  to  con¬ 
ventional  chemical  projections.  The  theoretical  study  on  the  mathematical  properties 

of  chemical  diagrams  continues  to  be  of  profound  importance  for  the  computer  programs 
involving  the  manipulations  of  chemical  structures.  Some  of  these  techniques  are  to  be 
incorporated  in  the  program  for  the  new  WRAIR  computer.  During  the  past  year,  signifi¬ 
cant  progress  has  been  made  on  the  problem  of  graph  isomorphism  and  it  is  expected  that 
this  work  will  culminate  in  a  Masters  Thesis  during  the  coming  year.  For  technical  re¬ 
ports,  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report  for  1  Jul  68  - 
30  Jun  69. 
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Project  Z.K  061101A01C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  124,  Encoding  of  Planar  Graphs  for  Chemical  Structure  Retrieval 
Investigators 

Principal:  Dr.  C.  C.  Gottlieb 

Dr.  David  P.  Jacobus 


De  script ion 

The  purpose  of  this  work  is  to  determine  the  theoretical  considerations 
in  the  computer  encoding  of  chemical  structures.  This  work  is  most  Im¬ 
portant  in  order  to  be  sure  that  we  do  not  build  a  chemical  information 
system  which  is  mathematically  unsound.  There  are  several  technical  areas 
in  which  problems  exist.  One  area  involves  the  development  of  a  relatively 
short  notation  from  the  representation  of  chemical  structures.  This  means 
the  development  of  a  code  which  is  close  to  the  theoretical  limits  pre¬ 
viously  determined  to  be  necessary  for  the  unequivocal  representation  of 
structures.  The  code  presently  under  development  is  the  "parenthesis- 
bracket  code". 

The  second  problem  is  then  to  determine  if  one  graph  is  isomorphic  with 
another,  i.e. ,  in  terms  of  chemistry,  is  one  molecule  the  same  as  another. 

The  third  problem  is  a  piece  of  one  graph  embedded  in  a  second  graph. 

This  is  known  as  the  problem  of  inclusion.  Appreciable  progress  in  the 
mathematical  aspects  of  this  problem  continues  to  be  Bade.  The  problem 
has  been  translated  to  the  series  of  Ph.D.  and  Masters  candidates  who  have 
produced  studies  on  various  portions  of  the  work.  The  most  recent  contri¬ 
bution  is  work  by  Dr.  Derek  Corneil  on  tne  problem  of  graph  isomorphism. 
This  program  which  is  mathematically  sound  may  well  be  useful  in  determin¬ 
ing  chemical  identity. 

Progress 

The  contract  with  the  University  of  Toronto  is  concerned  with  the  problem 
of  isomorphism  with  the  specific  objective  of  attempting  to  stay  within 
the  parenthesis-bracket  code  for  representation  of  chemical  structures, 
and  yet  to  manipulate  the  code  as  to  obtain  a  tree  permitting  easy  coding 
and  decoding  of  the  notation  to  conventional  chemical  projections.  The 
theoretical  study  on  the  mathematical  properties  of  chemical  diagrams 
continues  to  be  of  profound  importance  for  the  computer  programs  involv¬ 
ing  the  manipulations  of  chemical  structures.  During  the  pest  year,  sig¬ 
nificant  progress  has  been  made  on  the  problem  of  graph  isomorphism  and 
it  is  expected  that  this  work  will  culminate  in  a  Masters  Thesis  during 
the  coming  year. 

Summary  and  Conclusions 

The  development  of  sound  procedures  for  the  handling  of  chemical 
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structures  on  the  new  machine  is  of  fundamental  Importance.  nurlng  the 
past  year  significant  progress  has  been  made  in  developing  an  alogrltha 
which  will  be  useful  for  the  programming  connected  with  chemical  identify. 
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Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  12k,  Encoding  of  Planar  Graphs  for  Chemical  Structure  Retrieval 

Publications 
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Biological  Abstracts 
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215-L09-1100 
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('23  (U)  Tc  provide,  in  a  readily  accessible  form,  all  data  oontalned  in  the  Tropical 
Diseases  Bulletin,  Volutes  1  through  63* 

24  (U)  Several  approaches  arc  being  Bade  to  determine  how  this  data  oan  be  most 
’  economically  obtained,  l.e. ,  from  existing  indexes,  from  keywords  in  test  and  title,  etc, 

25  (0)  68  07  01  to  69  06  30  A  data  base  in  searchable  format  was  completed  for  volumes 
45  -  63  of  the  Tropical  Diseases  Bulletin.  The  subject,  title  and  author  indices  for 
these  voliaes  were  also  generated.  Pull  text  from  voIums  1  -  44  of  the  Tropical 
Diseases  Bulletin  rosins  to  be  processed.  The  subject,  title,  and  author  indices 
from  volutes  1-63  are  now  stored  on  Data  Cells  to  allow  computer  assisted  searching. 
This  Implementation  has  resulted  in  a  much  greater  coverage  for  each  search  question. 

For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research  Progress  Report, 

1  Jul  6e  -  30  Jun  69. 
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Work  Unit  127  Machining  the  Tropical  Diseases  Bulletin  for  use  on  search  ser¬ 
vices  to  WRAIR  ami  I’SAMRDC  personnel 

Investigators 

Principal:  Mrs.  P.  Parkins 
Associate:  Miss  L.  Schulte 

Description 

The  purpose  of  this  Investigation  Is  two-fold.  The  first  Is  to  put  Into 
digital  fora  all  the  Information  contained  In  the  Tropical  Disease  Bul¬ 
letin,  ToIims  1  through  63,  so  that  digital  searching  and  digital  dis¬ 
play  of  appropriate  abstracts  can  be  achieved.  The  second  objective  Is 
to  develop  capabilities  for  the  handling  of  full  text  on  a  file  of 
limited  but  yet  significant  site. 

Progress 

A  data  base  In  searchable  format  was  completed  for  volumes  45  through  63 
of  the  Tropical  Disease  Bulletin.  The  subject,  title,  and  author  Indices 
for  these  volumes  were  also  generated.  Full  text  from  volumes  1  through 
44  of  the  Tropical  Disease  Bulletin  remains  to  be  processed.  The  subject, 
title  and  author  Indices  from  volumes  1  through  63  are  now  stored  In 
beta  Cells  to  allow  computer  assisted  searching.  This  Implementation 
aas  resulted  In  a  much  greater  coverage  for  each  search  question. 

Su— ary  and  Conclusions 

This  work  Is  proceeding  well.  The  speed  of  Input  has  been  such  that  the 
building  of  the  full  text  system  rather  than  an  abbreviated  text  system 
appears  feasible  as  a  result  of  the  detailed  Instructions  generated  for 
the  typists.  Further  work  on  Input  variations  Is  expected  to  lead  to 
additional  Improvements.  The  avallblllty  of  the  Tropical  Disease  Bul¬ 
letin  In  digital  fora  Is  expected  to  Improve  WRAIR' s  coverage  of  both 
tropical  diseases  and  geographic  areas. 
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Task  00  ln-House  Laboratory  Independent  Research 

Work  Unit  127  Machining  the  Tropical  Diseases  Bulletin  for  use  on  search  ser¬ 
vices  to  WRAIR  and  USAMRDC  personnel 

Publications 

None. 
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.  TECHNICAL  OBJECTIVE.”  14  APPRGACN.  BA  • 


.  ywirti  NN  W  MM  IP*  A  |NA»  CNnUnAi  ONm; 


23  (U)  To  facilitate  studies  on  certain  diseases  in  Malaysia. 

2k  (u)  Through  conventional  lab  procedures,  more  particularly  for  isolation  and 
characterization  of  enteric  pathogens. 

25  (U)  68  07  -  68  09  Serum  and  other  examination  material  were  collected  from  an 
additional  21  patients  in  the  Aborigine  Med  Ctr.  A  possible  etiologic  agent  was 
identified  in  18  of  these  cases.  Other  data  are  being  accumulated  regarding  the  relativi 
reliability  of  obtaining  fecal  specimens  for  bacteriological  examination  by  different 
techniques.  R-f actor  containing  entero  bacteriaceae  have  been  obtained  in  a  pre¬ 
antibiotic  community  and  are  undergoing  genetic  study.  Significant  segregation  has  not 
been  observed  in  these  strains.  Segregation  following  transfer  of  Refactor  to  other 
bacteria  is  being  studied.  Work  unit  has  been  terminated  for  administrative  reasons. 

The  study  will  be  supported  from  a  regularly  funded  program  (3A062110A811 )  and  reported 
under  DAOA  7^13.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research, 

Annual  Progress  Report,  1  Jul  63  -  30  Jun  69. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  128,  Transmission,  control,  and  treatment  of  infectious 
diseases  of  military  importance  in  equatorial  Asia 


Investigators. 

Principal:  Ungku  Omar-Ahmad,  M.D. 

Associate:  COL  Gary  P.  Rapmund,  MC;  MAJ  C.  E.  Davis,  MC 
Description. 

This  work  unit  was  established  in  order  to  facilitate  studies  of 
certain  diseases  being  conducted  as  a  part  of  a  larger  program.  The 
main  effort  has  been  directed  toward  an  investigation  of  diarrhea  In 
aborigines  in  Malaysia,  with  special  reference  to  the  detection  of 
antibiotic  resistant  enterobacteriaceae. 

Progress  and  Results. 

During  the  period  of  1  July  -  30  September  1968  to  which  this 
report  applies,  an  additional  21  patients  hospitalized  in  the  Aborigine 
Medical  Center  were  added  to  the  study.  All  were  given  a  complete 
physical  examination  and  routine  laboratory  tests.  Acute  and  con¬ 
valescent  sera  were  taken  and  stored  at  -20*C. 

A  possible  etlologic  agent  was  identified  in  18  of  the  21 
patients  (86Z).  In  13  cases  the  sole  agent  was  Entamoeba  histolytica, 
in  3  others  only  enteropathogenic  bacteria  were  found,  another  had  only 
Trichuris  trlchiura  and  the  other  Ji.  histolytica  and  enteropathogenic 
bacteria.  These  findings  correlate  well  with  those  from  50  other 
patients. 

Genetic  studies  of  R  factor-containing  (R+)  enterobacteriaceae 
in  a  pre-antibiotic  community  in  Sabah  (north  Borneo)  are  continuing. 
Significant  segregation  (loss  of  resistance  determinants  RD  in  serial 
subculture)  has  not  been  observed  in  R-f  Esch.  coll  from  Sabah.  However, 
if  the  R  factor  is  transferred  to  Salmonella  typhlmurlum  LT-2,  rapid 
segregation  occurs  during  serial  subculture.  In  the  case  of  one  of 
these  R  factors  which  contains  resistance  determinants  to  amplclllin, 
tetracycline,  sulfonamides,  and  streptomycin,  the  pattern  of  loss  is 
different  from  that  reported  previously.  Tetracycline  resistance  is 
segregated  simultaneously  with  sulfonamide  and  streptomycin  resistance. 
Arapicillin  resistance,  however,  is  stable  throughout  multiple  subcultures. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  128,  Transmission,  control,  and  treatment  of  Infectious 
diseases  of  military  importance  in  equatorial  Asia 


Investigators. 

Principal:  Ungku  Omar-Ahmad,  M.D. 

Associate:  COL  Gary  P.  Rapmund,  MC;  MAJ  C.  E.  Davis,  MC 
Recommendations . 


It  is  recommended  that  support  to  this  project  be  continued. 
However,  for  reasons  of  administrative  simplification,  its  support 
was  transferred  to  a  regularly  funded  program  (3A062110A811) .  Future 
reports  will  be  made  by  the  appropriate  project  officer,  Headquarters, 
U.S.  Army  Medical  Research  and  Development  Command,  under  DAOA  7431. 
This  work  unit  is  therefore  terminated. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  128,  Transmission,  control,  and  treatment  of  Infectious 
diseases  of  military  Importance  in  equatorial  Asia 


Investigators. 

Principal:  Ungku  Omar -Ahmad ,  H.D. 

Associate:  COL  Gary  P.  Rapmun^ ,  MC;  MAJ  C.  E.  Davis,  MC 
Publications. 

None. 
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,  (Q)  Trace  Elements;  (U)  homeostasis;  (U)  Metabolism 


L*  n 


MMA  MA  a  eeeA  at*  |MM«r  CtaeslAseA*.  fw'ij 


23.  (U)  To  establish  modern  methods  of  qualitative  and  quantitative  analysis  Cor  trace 

j  aetals  in  health,  disease  and  toxicology  within  the  Aray  Medical  Service. 

|  24.  (U)  Utilising  atonic  absorption  spectrometry  and  neutron  activation  analysis,  con- 

'  centrations  of  trace  elearents  will  be  defined  In  terms  of  sites  of  action  and  catalytic 
Interaction  with  substrates.  Bsphasis  will  be  placed  on  antagonistic  or  additive 
effects  with  related  groups  of  elements.  Initially,  efforts  will  be  limited  to  the 
f  following  block  of  elements  -  manganese,  copper,  zinc,  selenium,  vanadium,  cobalt  and 
iodine. 

[ 

25.  (U)  69  01  -  69  06  Investigations  In  the  role  of  trace  metals  in  Wilson's  Disease, 

'  viral  hepatitis, cystic  fibrosis  and  other  pathological  states  have  been  conducted.  The 
metals  included  copper,  zinc,  chromium,  manganese  and  gold.  Procedures  have  been  de¬ 
veloped  for  analysis  of  vitreous  to  determine  metallic  content  of  dcular  fluid  due  to 
an  intraocular  foreign  body.  Support  of  the  Opthamology  Clinic  of  WRGH  in  these 
.  analyses  continues,  g  procedure  for  analyzing  trace  quantities  of  arsenic  In  biological j 
specimens  has  been  established,  and  a  collaborative  program  with  AFIP  personnel  is  under? 
consideration  to  implement  trace  element  procedures  In  the  Armed  Forces  forensic  path-  ) 
:  ology  effort.  Other  Investigations  of  trace  metal  metabolism  and  new  procedure  develop- ( 
:  ment  are  continuing.  For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research  , 
Ammmal  Progress  Report,  1  Jul  68-30  Jun  69.  ( 


f  ■/.  #. .  mi. 

feats 


•y  ad'-S-Mr** 


r  * 


.  "A  .AW.*  —  — 


Cvi/.ar.v  vs  is) 


78 


f 


Project  3A061 101A91C,  IN-KOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  ik)  In-House  Laboratory  Independent  Research 

Work  Unit  170,  Trace  metal  concentrations  In  biological  matrices 

Investigators. 

Principal:  LTC  Dorsey  T.  Mahin,  MC 

Associate:  Billy  G.  Bass,  B.S.;  Elvio  A.  Levri,  M.S;  MAJ  Thomas  E. 

Runyon,  MC  (Ophthalmology  Svc,  WRGH);  Robert  T.  Lofberg, 
Ph.D. 


Description. 

The  objective  of  this  work  unit  is  the  quantitative  determination  of 
trace  elements  In  defined  biological  systems.  Comparative  studies  with 
other  biochemical  moieties  and  the  development  of  state-of-the-art 
Instrumentation  and  methodologies  are  integral  parts  of  this  work  unit. 

Progress. 

1 .  Methodology. 

Severe',  techniques  are  employed  in  performing  the  substasks  of  this 
work  unit.  Neutron  activation  analysis  and  atomic  absorption  analysis 
are  the  principal  techniques  employed.  In  neutron  activation  analysis, 
samples  are  Irradiated  In  the  Walter  Reed  Research  Reactor  and  the 
resulting  ganna-ray  activity  Is  measured  to  obtain  a  quantitative  and 
qualitative  assay  of  the  elements  contained  In  the  specimen.  In  atomic 
absorption  analysis,  the  sample  Is  aspirated  into  a  flame  and  burned. 

The  resulting  characteristic  photoemission  In  the  flame  is  detected  by 
an  appropriate  photosensitive  device,  and  the  elemental  composition  Is 
quantitatively  determined  by  the  Intensity  of  the  characteristic  color 
of  the  flame.  These  two  methods  have  been  highly  complementary  and  pro¬ 
vide  the  Installation  with  a  unique  capability  to  perform  routine  screen¬ 
ing  of  biological  samples  as  well  as  precise  measurements  on  micorgram 
quantities. 

2.  Biological  studies. 

a.  Vitreous  evaluation  in  globes  containing  intraocular  foreign 
bodies.  . . .  . . 


Ocular  response  to  the  presence  of  a  metallic  intraocular  foreign 
body  ( 1  o f b )  varies  with  the  type  of  metal  present  within  the  eye.  Some 
■etals  such  as  gold,  silver,  platinum,  and  tantalum  are  relatively  inert. 
If  the  Intraocular  location  of  this  type  of  metal  were  such  that  attempted 
removal  constitutes  a  grave  risk  to  the  eye,  a  clinician  might  decide  to 
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leave  it  In  place  and  follow  the  patient,  the  premise  being  that  leaving 
the  object  within  the  globe  offered  less  risk  than  surgical  Intervention. 

On  the  other  hand,  metals  such  as  copper.  Iron,  zinc,  aluminum,  and 
mercury  cause  severe  reactions  and  present  a  hazard  to  retention  of  vision, 
or  to  the  eye  Itself,  and  attempt  at  removal  Is  almost  always  Indicated. 

In  the  past  the»*e  was  no  practical  method  of  determining  the  type  of  metal 
within  a  globe  containing  a  metallic  lofb  except  for  history,  which  Is 
often  Inadequate,  and  the  magnet  test.  The  magnet  test  Is  Ineffective 
when  the  lofb  Is  so  encapsulated  In  vitreous  fibrosis  that  deflection 
becomes  Imperceptable.  Neutron  activation  analysis  has  proved  to  be  an 
effective,  safe  way  to  analyze  vitreous  for  metallic  content.  Metal  con¬ 
centrations  In  the  vitreous  reflect  the  nature  of  the  metallic  lofb. 

Pilot  experiments  were  performed  on  adult  albino  rabbits.  Sterile 
copper,  pure  Iron,  brass  and  steel  Implants  were  made  In  the  eyes  of  the 
rabbits  and  the  vitreous  copper  and  Iron  concentrations  were  measured  In 
the  treated  animals  and  In  control  animals  with  similar  surgery  but  to 
implants.  Some  results  are  given  In  Tables  1,  2  and  3. 

TABLE  1 

VITREOUS  COPPER  CONCENTRATIONS  OF  GLOBE  CONTAINING  COPPER  IOFB  (PPM) 

AS  A  FUNCTION  OF  TIME  POST  IMPLANTATION 
2  Days  1  Week  4  Weeks  Baseline  (Control) 

2.60  -  6.36  2.50  -  11.48  2.80  -  17.61  0.04  -  1.20 

Copper  values  In  globes  containing  Iron  lofb:  0.2  -  1.66  ppm 

The  range  of  values  observed  In  several  animals  Is  shown. 


TABLE  2 

VITREOUS  IRON  CONCENTRATIONS  OF  GLOBE  CONTAINING  IRON  IOFB  (PPM) 

AS  A  FUNCTION  OF  TIME  POST  IMPLANTATION 

2  Days  1  Week  4  Weeks  Baseline  (Control) 

3.72  -  6.28  3.94  -  20.64  3.84  -  10.88  0.22  -  1.48 

Iron  values  In  globes  containing  copper  lofb:  0.2  -  5.50  ppm 
The  range  of  values  observed  In  several  animals  Is  shown. 
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TABLE  3 


VITREOUS  ANALYSIS  OF  GLOBES  CONTAINING  ALLOY  IMPLANTS 

Copper  (ppm)  Iron  (ppm) 


Brass 

6.60 

0.11 

7.16 

0.78 

Steel 

0.37 

10.48 

1.80 

13.88 

Values  given  are  actual  measurements  from  two  samples 
of  each  animal. 


Analysis  was  made  of  vitreous  from  two  patients  who  were  combat 
casualties  with  lofb's.  The  results  of  the  analyses  are  shown  In 
Table  4. 


TABLE  4 

VITREOUS  ANALYSIS  OF  TWO  PATIENTS  WITH  IOFB’S 


Copper 

Iron 

Concentration 

Concentration 

(ppm) 

(ppm) 

Patient  A 

0.66 

10.26 

Patient  B 

0.60 

6.00 

Human  Baseline 

0.28 

0.53 

Patient  A  IOFB  Analysis:  0.15X  Cu.  961  Iron 
Patient  B  IOFB  Analysis:  Trace  Cu;  99.91  Iron 


The  tests  demonstrated  the  applicability  of  trace  metal  analysis  to 
military  clinical  opthalmology. 

b.  Analysis  of  serum  and  urine  of  patients  with  sen—  hepatitis. 

The  analysis  of  zinc  concentrations  In  serian  and  urine  has  been 
shown  to  be  useful  In  the  diagnosis  of  serum  hepatitis.  Work  at  this 
laboratory  has  shown  that  zinc  concentrations  In  serum  of  patients  with 
serum  hepatitis  ranges  from  50-64  micrograms/ U)0  ml.  Zinc  concentrations 
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In  urine  from  these  patients  range  from  700-2000  micrograms/day.  Control 
values  for  normal  individuals  range  from  85-130  mlcrograms/100  ml  in 
serum  and  400-600  micrograms/day  in  urine. 

c.  Study  of  trace  metal  concentrations  in  patients  with  Wilson’s 

disease. 


A  study  has  been  made  of  the  role  of  copper  in  the  diagnosis  of 
Wilson's  disease.  The  results  of  the  study  showed  that  theie  patients 
manifest  high  liver  copper  concentrations  and  low  serum  copper  concentra¬ 
tions.  Liver  copper  concentrations  In  these  patients  ranged  from  100  micro- 
grams/gram  dry  weight  to  1500  mlcrograms/gram  dry  weight.  Liver  copper 
concentrations  In  normal  Individuals  range  from  10-30  mlcrograms/gram.  The 
senaa  copper  of  patients  with  Wilson's  disease  ranges  from  30-60  micrograms/ 
100  ml.  Normal  values  of  serum  copper  established  at  this  laboratory  are 
75-140  mlcrograms/100  ml. 

d .  Arsen  c  concentrations  In  biological  matrices. 

For  the  past  several  years  forensic  medical  pathologists  have 
used  neutron  activation  analysis  to  determine  trace  metal  concentrations. 
This  laboratory  has  established  procedures  for  assaying  trace  quantities 
of  arsenic  In  biological  specimens.  This  technique  Is  useful  to  the 
forensic  pathologists  because  of  Its  simplicity  and  the  small  quantity  of 
sample  required  for  analysis.  The  latter  requirement  Is  highly  Important 
In  the  forensic  science  field.  In  cooperation  with  personnel  at  the  Armed 
Forces  Institute  of  Pathology,  specimens  from  an  Individual  who  died  from 
arsenic  poisoning  were  analyzed  by  this  laboratory.  The  results  showed 
elevated  arsenic  concentrations  In  brain,  liver,  kidney,  fingernails,  and 
hair  samples.  Further  studies  In  collaboration  with  the  Armed  Forces 
Institute  of  Pathology  are  planned. 

e.  Cystic  fibrosis  screening  by  activation  analysis. 

The  analysis  of  fingernail  clippings  for  sodium  content  has  been 
suggested  as  a  diagnostic  test  for  cystic  fibrosis.  Experience  at  this 
laboratory  does  not  confirm  Its  value.  Quantitative  determination  by 
neutro**  activation  analysis  of  sodium  In  fingernails  of  patients  with 
cystic  f'.brosis  show  normal  values  after  simple  washing  with  glass  dis¬ 
tilled,  deionized  water.  Normal  values  of  sodium  concentration  In  finger¬ 
nails  determined  In  this  laboratory  fall  within  the  following  ranges: 

17-33  meq/kllogram  (cleaned) 

19-116  meq/kilogram  (uncleaned) 

The  ranges  of  sodium  concentration  in  fingernail  clippings  from  patients 
with  cystic  fibrosis  were: 
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10-30  meq/kllogram  (cleaned) 

19-353  meq/kllogram  (uncleaned) 

These  results  suggest  that  the  activation  analysis  method  Is  merely  a 
sophisticated  and  expensive  sweat  test.  More  analyses  are  >e1ng  made  as 
samples  become  available  to  substantiate  these  findings. 

3.  New  methodology. 

An  activation  analysis  procedure  has  been  developed  to  determine 
rapidly  with  good  precision  manganese  and  copper  sertan  values  In  one  milli¬ 
liter  or  less  of  serum.  The  sample  Is  Irradiated  In  a  neutron  flux  of 
1012  cm-2  sec*1  for  two  hours  following  nitric  acid  digestion.  The 
activity  plus  carrier  Is  absorbed  from  saturated  lithium  chloride  solution 
on  Dowex  1-8  contained  In  a  syringe.  After  washing  the  resin  with  more 
lithium  chloride,  the  syringe  Is  counted  In  a  5-1nch  diameter  by  5-1 nch 
thick  sodium  Iodide  well  crystal  which  Is  connected  to  a  400-channel  pulse 
height  analyzer.  The  carrier  Is  washed  off  the  syringe  by  dilute  acid  and 
analyzed.  The  sample  concentration  Is  determined  by  comparison  to  Irradi¬ 
ated  standards,  correcting  the  unknown  for  decay  and  chemical  yield.  This 
procedure  allows  a  substantial  reduction  In  analysis  t<me  for  these  elements. 

4.  New  Instrumentation. 

A  high  resolution  ganwa-ray  spectrometry  system  has  been  designed  and 
Installed  for  use  In  activation  analysis.  This  system  consists  of  a  20  cc 
Li-Drifted  Germanium  Detector  connected  to  a  low  noise  amplifier  system 
(Tennelec  TC  135-200  combination).  The  data  are  stored  In  a  400-channel 
pulse  height  analyzer.  This  spectrometer  system  has  been  useful  In  arsenic 
analysis.  Other  types  of  analyses  appear  promising  and  will  be  Investigated. 
The  principal  advantage  of  the  system  Is  the  reduction  of  post-irradiation 
chemical  separation  required  for  the  analysis.  This  reduction  In  analysis 
time  provides  a  greater  operational  efficiency  within  the  laboratory. 

A  method  has  been  developed  for  identifying  the  metallic  nature  of 
Intraocular  foreign  bodies  (lofb).  Analysis  of  vitreous  can  assist  In 
determining  the  potential  hazard  of  the  lofb,  and.  In  conjunction  with 
other  diagnostic  techniques,  may  substantiate  the  necessity  for  surgical 
removal  of  the  lofb.  Trace  metal  concentrations  of  Iron  and  copper  In 
vitreous  for  normal  and  lofb  containing  globes  have  been  established  at 
this  laboratory. 

The  trace  metal  analysis  of  serum  and  urine  In  patients  with  Infec¬ 
tious  hepatitis  has  continued.  The  ranges  of  zinc  and  Iron  concentrations 
In  normal  and  Infected  Individuals  have  been  established. 
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Trace  metal  analysis  studies  have  demonstrated  a  consistent  pattern 
of  elevated  copper  concentration  In  the  livers  of  patients  with  Wilson's 
disease.  Serum  copper  concentrations  are  depressed  In  these  patients. 

The  ranges  of  serum  and  liver  copper  concentrations  have  been  determined 
for  normal  and  diseased  Individuals. 

A  method  has  been  developed  for  analyzing  trace  quantltltes  of  arsenic 
in  biological  specimens.  The  range  of  arsenic  concentration  In  normal 
specimens  has  been  determined.  Specimens  of  brain,  liver,  kidney,  bile, 
fingernails  and  hair  taken  from  a  patient  who  died  from  arsenic  poisoning 
have  been  analyzed.  Elevated  arsenic  concentrations  were  found.  A 
collaborative  program  Is  planned  with  AFIP  personnel  to  utilize  neutron 
activation  analysis  of  trace  metals  In  forensic  pathology. 

A  high  resolution  Lithium-Drifted  Germanium  garona-ray  spectrometry 
system  has  been  Installed  and  has  been  effective  In  simplifying  trace 
metal  analysis. 
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Investigators. 

Principal:  Leon  H.  Schmidt,  Ph.D. 


The  purpose  of  this  work  unit  is  to  develop  the  A.  ti Ivirgutua-P. 
falciparum  infection  model  into  a  usable  system  for  the  evaluation  of 
antimalarial  activity  of  chemical  compounds  and  for  various  biologic 
studies  on  human  plasmodia.  To  this  end  work  was  continued  on  standardiza¬ 
tion  and  characterization  of  P.  falciparum  infections  in  the  Aotus .  Con¬ 
currently,  observations  on  husbandry  of  the  monkey  also  continued. 

To  date,  establishment  of  the  Aotus  in  the  laboratory  has  presented 
no  serious  problems.  The  monkeys  do  well  in  groups  of  5  or  6  in  wire 
mesh  cages  32  X  32  X  32  inches  in  dimensions.  They  accept  commercial 
monkey  chow,  lightly  soaked  in  reconstituted  milk,  and  green  peanuts  as 
their  basic  diet.  Rigid  temperature  control,  however,  is  required;  the 
optimum  for  the  genus  is  82  to  86 °F.  Temperatures  below  J6°F  usually 
lead  to  serious  respiratory  infections.  The  monkey  will  accept  tempera¬ 
tures  over  86°F  if  the  relative  humidity  is  kept  above  60t. 

The  single  most  serious  health  problem  encountered  to  date  has  been 
the  susceptibility  of  the  Aotus  to  Herpes  simplex.  Two  outbreaks — both 
among  stock  monkeys — accounted  for  the  loss  of  U5  of  50  in  one  shipment 
and  182  out  of  3^0  making  up  three  other  shipments.  All  indications  point 
to  aerogenic  dissemination  of  the  virus.  Measures  for  protection  of  the 
Aotus  against  Herpes  will  be  required  if  the  animal  is  to  have  full  utili¬ 
zation  in  the  laboratory. 

Respiratory  diseases  of  bacterial  origin  can  be  a  serious  problem 
but  if  diagnosed  promptly  yield  to  specific  therapy.  In  order  of  preva¬ 
lence,  these  agents  are  Pasteurella  multocida,  Klebsiella  pneumoniae 
(type  2),  Bordatella  bronchlsepta.  and  Dlplococcus  pneumoniae . 

Enteric  infections  with  Shigella  and  Salmonella  have  b^en  sporadic 
in  occurrence.  In  one  outbreak  66  deaths  occurred  from  Shigella  3onnel 
before  being  brought  under  control  by  chloramphenicol.  Actual  infections 
vita  Salmonella  have  been  few,  however,  up  to  two-thirds  of  some  ship¬ 
ments  have  yielded  Salmonella  B/i  isolates.  But  symptoms  appear  In  very 
few  animals,  and  the  infection  clears  spontaneously. 

Very  few  helminth  and  protozoan  infections  have  been  observed. 

About  3^  of  the  Aotus  exhibit  a  microfilaremia  but  without  symptoms. 
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Trypanosomes  resembling  T.  cruzi  were  seen  in  2  of  2300  animals. 


Substantial  progress  has  been  enjoyed  in  the  standardization  of 
plasmodial  infections  in  the  Aotus  and  in  the  characterization  of  the  in¬ 
fections  in  terms  of  pathologic  features  and  susceptibility  to  anti- 
malarials . 

Up  to  the  end  of  March  1969  attempts  have  been  made  to  establish 
13  different  strains  of  P.  falciparum  and  one  of  P.  vlvajc.  Five  of  the 
P.  falciparum  strains  (Malayan  Camp,  Uganda  Palo  Alto,  Vietnam  Monterey, 
Vietnam  Oak  Knoll,  and  Malayan  IV)  had  been  passaged  successfully  in 
Aotus  before  receipt  in  the  laboratory,  as  had  the  single  P.  vivax  strain 
(Vietnam  Palo  Alto).  Of  the  remaining  8  P.  falciparum  strains,  passages 
were  effected  with  the  Chicago  quinine  tolerant  variant  of  Malayan  Camp 
(Malayan  Camp  CK/Q)  and  Cambodian  I.  Efforts  to  establish  McLendon, 

Uganda  I,  Malayan  Camp  KC,  Thailand  Manoon,  Malayan  Pooley,  and  Malayan 
Taylor  have  not  been  successful  to  date.  Further  attempts  will  be  made 
to  establish  the  McLendon  and  Uganda  strains  since  they  are  reported  to 
be  wholly  drug  sensitive.  The  former  is  especially  interesting  because 
it  was  isolated  before  World  War  II  and  the  advent  of  modern  antimalarlals. 

Studies  have  been  made  on  the  course  of  infection  with  each  of  the  8 
successfully  passaged  strains.  The  route  of  inoculation  of  the  parasite 
is  a  relatively  unimportant  determinant  of  the  course  of  infection  pnce 
parasitemia  is  established.  Whether  given  IV  or  IP,  from  10*  to  10* 
parasites  must  be  inoculated  to  produce  infection.  However,  parasitemia 
occurs  2  to  b  days  earlier  when  the  inoculum  is  given  IV. 

The  course  of  infection  evoked  by  a  standard  inoculum  (e.g.  5  X  10^ 
parasites)  varies  markedly  according  to  strain.  The  Malayan  Camp,  its 
CH/Q  variant,  and  the  Uganda  Palo  Alto  strains  of  P.  falciparum  all  pro¬ 
duce  fulminating  infections  which  usually  progress  to  death.  In  fatal 
cases  70  to  90%  of  red  cells  usually  are  parasitized,  and  actual  counts 
of  parasites  range  from  12,000  to  lb, 000  per  10**  red  cells.  With  these 
strains  there  are  no  cyclic  undulations  of  the  parasitemia,  and  all  stages 
of  asexual  parasites  occur  in  the  peripheral  blood.  An  occasional  Aotus 
develops  a  low  grade  infection  which  becomes  chronic.  The  reason  for  this 
has  not  been  determined. 

Infections  produced  by  the  Cambodian  I  and  Vietnam  Oak  Knoll  strains 
proceed  on  a  benign  course.  Both  strains  cause  low  grade  chronic  in¬ 
fections  with  parasitemias  rarely  exceeding  10S  and  are  usually  much  lower. 
Moreover,  infections  with  these  strains  are  characterized  by  cyclicity  of 
parasitemia  corresponding  to  the  absence  of  larger  parasites,  especially 
segmenters,  from  the  peripheral  blood. 

The  course  of  infection  with  either  the  Malayan  IV  or  Vietnam 
Monterey  strains  is  intermediate  between  the  extremes  described  above. 
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Parasitemias  peak  at  between  15  and  30f  and  such  infections  are  occasion¬ 
ally  fatal.  Sequestration  of  the  larger  parasites  occurs  but  is  not  so 
marked  as  in  infections  with  the  Cambodian  I  and  Vietnam  Oak  Knoll 
strains. 

The  response  of  infections  with  Malayan  Camp,  Malayan  Camp  CH/Q, 
and  Uganda  Palo  Alto  strains  to  chemotherapy  has  been  defined  precisely. 
The  Malayan  Camp  and  Uganda  Palo  Alto  strains  respond  in  an  almost 
identical  manner  to  treatment  with  chloroquine,  pyrimethamine,  or  quinine. 
Maxin’jn  tolerated  doses  of  pyrimethamine  have  no  effect.  Well  tolerated 
doses  of  chloroquine  and  quinine  are  curative.  Thus  these  strains  are 
classified  as  pyrimethamine  resistant  and  chloroquine  and  quinine  sensi¬ 
tive.  Infections  with  the  Malayan  Camp  CH/Q  variant  are  also  pyrimeth¬ 
amine  resistant  and  chloroquine  sensitive.  However,  they  are  partially 
suppressed  but  not  regularly  cured  by  maximum  tolerated  doses  of  quinine. 

The  Malayan  IV  and  Vietnam  Monterey  strains  are  fully  resistant  to 
pyrimethamine,  are  more  resistant  to  quinine  than  the  Malayan  Camp  CH/Q, 
and  have  a  considerable  resistance  to  chloroquine.  The  Vietnam  Monterey 
strain  is  more  resistant  to  chloroquine  tnan  is  the  Malayan  IV,  but 
maximum  tolerated  doses  did  not  eradicate  infection  with  either  strain. 

Evaluation  of  the  chemotherapeutic  characteristics  of  the  Vietnam 
Oak  Knoll  £.  falciparum  and  Vietnam  Palo  Alto  P.  vivax  is  still  under¬ 
way. 


The  results  of  these  studies  have  shown  that  Infections  with  P.  fal¬ 
ciparum  can  be  established  in  the  Aotua  and  that  these  infections  can  be 
used  to  assess  differences  in  strain  susceptibility  to  chemotherapeutic 
agents.  Moreover,  there  are  now  available  model  infections  with  different 
orders  of  susceptibility  to  drugs  such  as  chloroquine, quinine,  and 
pyrimethamine.  Although  the  spectrum  of  drug  susceptibility  is  not  yet 
ccmplete,  in  that  a  totally  susceptible  strain  is  lacking,  it  should  be 
possible  to  proceed  with  the  search  for  new  drugs  with  the  use  of  strains 
already  available. 
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23  (U)  Particular  interest  is  in  the  role  of  migrating  animals  in  the  transport  of 
disease. 

2h  fcj)  Major  effect  will  be  on  bird  banding  and  recovery  in  various  areas  of  SEA. 
Ectoparasites  will  be  collected,  blood  and  tissues  will  be  examined.  Area  supervision 
will  be  from  Bangkok. 

25  (U)  68  10  -  69  06  Current  report  of  activities  is  not  yet  available  from  FERO. 
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23  (U)  To  elucidate  the  temperature  dependence  of  the  physical  properties  of  liquid 
water  and  their  relationship  to  living  systems. 

2k  (U)  Research  will  proceed  from  the  hypothesis  that  water  structure  changes  discretely 
into  specific  structural  forms  at  various  temperatures  and  that  the  structure  dominating 
the  various  ranges  constrain  living  processes  because  of  long  association  during 
evolution  of  the  macromolecules  and  membranes  with  structured  water. 

25  (U)  63  12  -  69  02.  Work  unit  terminated  at  latter  date  due  to  reassignment  ot 

investigator.  Latest  work  was  directed  to  the  properties  of  water  films  which  were 
laid  down  in  the  calorimeter  by  warming  and  then  cooling  a  piece  of  water-moistened 
filter  paj^er.  The  exchange  of  water  between  the  calorimeter  wall  and  the  sample  cup 
produced  easily  measurable  signals.  The  maximum  delta  T  was  a  function  of  preparation 
temperature  but  the  plotted  data  points  appear  to  show  discontinuities  at  15,  30  and 
1*6  degrees  C.  When  the  calorimeter  wall  was  coated  with  stearic  acid,  this  effect 
disappeared.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Jul  68  -  30  Jun  69. 
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Task  00,  In-House  Laboratory  Independent  Research 
Work  Unit  173,  Thermal  properties  of  liquid  water 
Investigators. 

Principal:  COL  Sven  A.  Bach,  MC 

Description. 

The  objective  of  this  research  Is  to  elucidate  tie  temperature 
dependence  of  the  physical  properties  of  liquid  water  and  their 
relationship  to  living  systems.  The  research  proceed*  from  the 
hypothesis  that  water  structure  changes  discretely  into  specific 
structural  forms  at  various  temperatures  and  that  the  structure* 
dominating  the  various  ranges  constrain  living  processes  because 
of  the  long  association  during  evolution  of  the  rvai  ro&olecules  and 
membranes  with  structured  water. 

Progress  and  Results. 

During  the  six  months  preceding  termination  of  tills  project  and 
which  is  the  subject  of  this  report,  the  principal  effort  was  directed 
to  the  properties  of  water  films  which  were  laid  down  In  the  calorimeter 
by  warming  and  then  cooling  a  piece  of  water-moistened  filter  paper. 

The  exchange  of  water  between  the  calorimeter  wall  and  the  sample  cup 
produced  easily  measurable  signals.  The  maximum  delta  T  proved  to  be 
a  function  of  preparation  temperature.  Preparation  temperatures 
were  at  1°  increments  between  8°  and  50°C  with  10  to  20  runs  per  point. 
However,  the  delta  T's  were  not  a  smooth  function  of  preparation 
temperature  since  discontinuities  were  snown  at  15°,  30°  and  46*C. 

When  the  calorimeter  wall  was  coated  with  stearic  acid,  this  effect 
disappeared . 

Recommendations . 

None.  Due  to  reassignment  of  the  principal  investigator,  active 
research  has  ceased  and  a  final  report  is  in  preparation.  This  work 
unit  is  therefore  considered  to  be  terminated  effective  2  February  1969. 
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isnlstryt  CO  Analytical  Chemistry;  (U)  Electrochemical;  (U)  llochomlstry 

23.  <U)  To  estend  the  precision  of  elect  roans lytlcal  cheeistry  techniques  to  clinical 
cheat* try  snalyses  and  to  Investigative  biochemistry,  to  provide  primary  reference 
methods  for  evaluation  of  clinical  and  investigative  cheeistry  eethology. 

26.  (U)  klectrosnalytical  procedures.  Including  couloeetry,  polarography ,  rhronopot ent 1- 
oeetry  and  associated  techniques,  trill  be  applied  to  analyses  of  bloc heel cal  compounds. 
All  details  of  the  reactions  will  be  studied  In  order  to  develop  highly  precise  and 
specific  analyses  which  will  be  available  as  primary  reference  methods  against  which 
other  methods  and  procedures  can  be  compared. 

23.  <U>  68  07  -  69  06  atomic  absorption  spectroscopy,  couloeetry,  polarography  and 
chronopot ent lomet ry  have  been  applied  procedures  of  clinical  chemlr  ry.  Coulometrlc 
analyses  hfve  been  developed  for  the  phosphatases,  for  serum  cholesterol,  salicylate  and 
phrnob* rbitel  derivatives  with  good  precision.  A  coulometrlc  procedure  for  uric  acid  Imb 
been  developed  which  escaeds  the  precision  cf  spect rophotomet ric  methods.  Folerogrephic 
stu*.y  of  tryptophane  and  phenylalanine  In  non -aqueous  media  has  been  accomplished.  A  verj 
sensitive  method  for  vanadium  In  biological  samples  uslt«  atomic  absorption  has  allowed 
measurement  of  parts  per  billion  of  this  trace  metal,  additional  work  with  these  methods 
promises  to  produce  highly  accurate  reference  methods  for  clinical  analysis  processes. 

For  technical  reports,  see  Welter  Need  Army  Institute  of  Research,  Annual  Frogress 
Report,  1  Jul  68-30  Jun  69. 
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Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  174,  Applications  of  electroanalytlcal  techniques  to  biochemis¬ 
try  and  clinical  chemistry 

Investigators. 

Principal:  Wllllaai  C.  Purdy,  Ph.D. 

Associate:  Marvin  Brooks 
A.  James  Engel 
Caroline  Huheey 
Charles  Manning 
Joseph  Monforte 
John  Moody 
Henry  Nipper 
Robert  Troy 

The  object  of  this  program  has  been  to  extend  the  precision  of  elec¬ 
troanalytlcal  ch  sells  try  techniques  to  the  analyses  of  clinical  chemistry 
with  the  expectation  that  the  precision  and  specificity  of  some  analyses 
could  be  Improved  over  the  conventional  spectrophotometrlc  analyses. 

The  electroanalytlcal  procedures.  Including  coulometry,  polarography , 
chronopot  ntlonetry  and  associated  techniques  have  been  applied  to  assay 
of  biochemical  compounds.  Details  of  reactions  have  been  studied  In 
order  to  develop  highly  precic*  methods  which  will  be  available  as  pri¬ 
mary  reference  methods  against  which  ocher  methods  and  procedures  can  be 
compared . 

Prsgress. 

Four  general  techniques  have  been  employed  during  this  study,  atomic 
absorption,  coulometry,  polarography,  and  chronopotcntlosietry .  These  tech¬ 
niques  have  been  applied  to  several  different  systems  and  these  systems 
will  be  discussed  In  turn. 

Atomic  Absorption.  A  satisfactory  calibration  curve  for  trace  quanti¬ 
ties  of  vanadlta  has  been  obtained  by  atomic  absorption  using  the  nitrous 
oxide-acetylene  fleam.  The  method  is  that  of  Crim^-Wlesner.  Aqueous 
solutions  containing  0.0,  0.020,  0.040,  0.060,  and  0.080  ppm  vanadium  were 
adjusted  to  pH  1.0,  and  the  vanadium  extracted  with  SX  cupferro’  into 
methyl  lsobutyl  ketone.  The  organic  layer  was  aspirated  and  the  vanadium 
absorption  determined  using  a  Perkln-Elmer  Model  303  with  a  Perkln-Elmer 
Intensltron  vanadium  lamp  and  a  nitrous  oxide-acetylene  flame.  Methyl 
lsobutyl  ketone  was  used  to  set  sero  absorption,  end  10X  scale  expansion 
was  employed.  The  experimental  work  consisted  mainly  of  adjusting  the 
lnstriaent  for  maxlmt*  sensitivity  so  as  to  duplicate  the  work  reported  by 
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Crump-Wlesner.  Results  show  that  about  4  ppb  V  was  present  as  contamlnl- 
tlon  from  the  deionised  water  or  from  other  sources.  Although  tha  blank 
had  a  small  absorption,  the  5X  cupferron  in  methyl  isobutyl  ketone  (MIBK) 
had  no  absorption  when  the  sero  point  was  set  with  MIBK. 

An  attempt  was  made  to  determine  vanadium  in  urine.  The  dry  ashing 
method  for  the  determination  of  vanadium  in  urine  was  adapted  for  atomic 
absorption.  The  results  indicate  the  presence  of  up  to  0.04  ppm  vanadium 
In  the  urine  sample,  a  value  which  is  suspiciously  high.  It  was  found  by 
Heydorn  and  Lukens  that  dry  ashing  in  porcelain  can  Introduce  significant 
amounts  of  van  id  1  urn  into  the  sample.  Since  this  may  have  beun  the  case 
here,  end  because  the  dry  ashing  method  was  found  to  be  extremely  slow,  a 
wet  ashing  method  will  be  substituted  in  subsequent  Investigations. 

Coulometry.  The  determination  of  acid  and  alkaline  phosphatases t 
Determination  of  phosphate  in  serum  has  many  Inherent  problems  in  that 
phosphate  from  other  sources  is  present  in  high  concentrations  and  inter¬ 
feres  with  the  quantitative  determination  of  the  ensyme- re leased  phosphate. 
As  e  result,  most  work  has  been  done  determining  the  substituted  phenol 
formed. 

Most  clinical  methods  consist  of  hydrolysis  of  the  eater  and  measuring 
the  absorbence  due  to  formation  of  the  free  substituted  phenol,  llie  absorb- 
ence  is  measured  using  a  visible,  ultraviolet,  or  fluorescent  spectrometer. 
The  literature  cites  no  electrometric  method  applied  to  the  determination 
of  the  phosphatases. 

The  method  of  electrical  determination  chosen  for  phosphatasee  was 
constant  current  coulometry.  Since  most  of  the  work  in  the  literature  has 
been  done  with  sodium  beta-glycero-phoephate ,  phenyl  phosphate,  and 
p-nltrophenyl  phosphate,  it  was  decided  that  one  of  these  methods  should 
be  adapted  to  coulometry.  For  these  substrates  there  is  a  large  body  of 
information  on  actlvatora,  inhibitors,  pH-  and  temperature  conditions. 

Other  substrates  were  discounted  because  they  were  simply  chosen  for  their 
absorptive  properties  and  not  their  redox  possibilities. 

Based  on  the  work  of  Van  Zyl  and  Murray,  Lichtenstein,  and  Cuts  and 
Kucera,  the  coulosmtrlc  broml nation  of  the  phenol  following  ensymatlc 
hydrolysis  looked  very  promising.  Significant  problesm  were  encountered 
using  phenol  in  that  standard  solutions  were  difficult  to  prepare.  As  a 
result,  a  change  was  made  to  the  p-nltrophencl  system. 

No  success  was  encountered  with  direct  titration  by  bromine  since  the 
reaction  did  not  proceed  as  rapidly  as  the  addition  of  bromine.  A  back 
titration  of  potassium  thiocyanate  with  bromine  was  used  after  adding  a 
two-fold  excess  of  bromine  and  allowing  a  reaction  of  ten  minutes.  Suffi¬ 
cient  KSCN  was  added  in  excess  of  the  bromine.  The  excess  of  KSCN  was 
then  titrated.  At  the  present  time  reproducible  results  are  being 
obtained,  but  the  stoichiometry  is  questionable.  It  appears  that  more  work 
is  needed  to  determine  if  changes  in  broml nation  rate,  amount  of  exress 
bromine  added,  or  pH  will  give  more  meaningful  results. 
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Once  a  procedure  to  determine  p-nitrophenol  is  established,  another 
problem  of  considerable  importance  will  be  studied.  Whatever  method  of 
determination  is  chosen,  i.e.,  bromination  or  reduction,  the  reaction 
will  occur  equally  well  with  the  unreacted  p-nitrophenyl  phosphate. 

Thus,  a  quantitative  separation  of  the  unreacted  material  must  be  found. 
Except  for  these  modifications,  the  coulometric  method  should  parallel 
the  normal  method  for  the  determination  of  the  phosphatases. 

The  determination  of  cholesterol:  The  clinical  analysis  of  choles¬ 
terol  is  usually  based  on  the  measurement  of  unstable  colors  formed  with 
either  the  Lieberman-Burchard  reaction  or  the  FeC^-^SO^  reaction,  and 
no  effort  is  made  to  isolate  cholesterol  from  its  analogs  in  serum. 

These  analogs  frequently  react  with  col  ir  reagents  and  have  different 
absorptivities  than  cholesterol. 

The  lack  of  selectivity  suggests  that  an  effective  separation  of 
cholesterol  from  its  analogs  should  be  initiated  to  improve  the  accuracy 
of  the  reference  methods.  Koeller  and  Hill  have  indicated  that  7-dehydro- 
cholesterol  is  the  major  interference  in  normal  serum.  Others  have  sug¬ 
gested  that  this  analog  and  many  other  analogs  of  cholesterol  can  be 
separated  from  each  other  by  means  of  thin-layer  chromatography  on  silica 
gel  plates  which  have  been  impregnated  with  silver  nitrate.  Studies  with 
this  technique  in  which  a  Mallinckrodt  ChromAR  sheet  was  i:.ipregnatea  with 
silver  nitrate  showed  that  7-dehydrocholesterol  could  be  effectively  sepa¬ 
rated  from  cholesterol.  These  plates  have  the  advantage  of  easy  elution 
of  the  separated  materials  due  to  their  method  of  construction.  Separated 
materials  may  be  cut  out  of  the  chromatogram  for  the  elution  of  the  sample 
as  in  paper  chromatography.  After  cholesterol  has  been  isolated  from  the 
thin  layer  chromatogram,  almost  any  sensitive  method  of  analysis  may  be 
employed  for  its  determination. 

The  application  of  coulometric  titrations  was  studied  in  a  variety  of 
solvents  in  which  bromine  was  generated  at  a  platinum  anode.  With  such  a 
system,  materials  like  cyclohexene  could  be  titrated  directly  with  99.5% 
titration  efficiency.  Cholesterol  titrated  too  slowly  as  the  end  point 
was  approached,  so  a  direct  titration  proved  to  be  inadequate  with  this 
solvent  system.  Lathosterol  and  7-dehydrocholesterol  also  titrated  too 
slowly  to  be  analyzed  directly  in  this  system.  A  macro-cell  residual 
titration  (50  ml)  of  cholesterol  was  examined  at  200  and  400  pg  levels, 
where  the  excess  bromine  was  consumed  by  a  standard  solution  of  arsenite. 
Results  indicate  that  a  precision  and  accuracy  within  1%  are  possible  with 
standard  solutions  of  cholesterol.  Micro-cell  titrations  (5  ml)  indi¬ 
cated  that  cyclohexene  can  be  titrated  with  100%  titration  efficiency. 

This  suggests  that  cholesterol  may  be  titrated  at  the  20-pg  level  in  the 
micro  cell  with  the  same  accuracy  obtained  in  the  macro-cell  titration. 

The  determination  of  creatinine:  Creatinine  represents  one  of  the  ten 
most  run  clinical  tests.  Normal  values  vary  widely  according  to  diet, 
but  range  from  1.0  to  1.8  grams  excreted  per  24  hours. 
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The  most  common  detection  system  for  creatinine  is  that  of  foil* 
using  the  Jaffe  reaction.  The  reaction  is  between  as  alkaline 
of  picric  acid  and  creatinine.  A  similar  reaction  using  3,  5-dlml  i  r  .*■**  - 
zoate  shows  no  advantage.  The  drawback  to  the  Jaffe  reactlce  la  tta 
non-specificity.  It  has  been  established  that  901  of  the  Jeff#  positive 
material  in  urine  is  creatinine  and  about  701  in  blood. 

To  increase  specificity,  Lloyd's  reagent  is  sometimes  used  sa  a 
specific  adsorbing  agent  and  the  creatinine  is  then  desorbed  with  alba* 
line  plcrate  solution.  Ion  exchange  chromatography  has  bees  used 
successfully  also.  Other  aethods  to  Improve  specificity  Include  prior 
oxidation  with  ceric  sulfate  or  with  iodine. 

Another  detection  method  in  use  is  that  of  Van  Pllaua.  Creatinine 
is  oxidized  in  alkaline  solution  with  o-nl t robent aldehyde .  The  ftssl 
product  of  the  reaction  la  methyl  guanidine.  The  methyl  gumaldim*  la 
detected  colorlmetrlcmlly  after  use  of  the  Sakaguchl  readies  The 
method  is  reported  to  be  fairly  specific  for  creatinine. 

Attempts  to  reduce  creatinine  at  the  dropping  mercury  electrode  (SKI) 
failed.  Both  rotating  platlnun  and  wax- Impregnated  graphite  electrode* 
were  used  in  an  attempt  to  oxidise  creatinine  and  creatine  gave  negative 
results . 


Various  oxidizing  agents  were  tried  ualn?  the  Jaffe  reaction  m 
criteria.  Positive  results  were  obtalneo  with  O-Mt  robrnialdehsd*  end 
Hg(OAc)2.CIO  ,  while  BrO  Interfered  with  the  Jafie  method,  making  tape 
sible  interpretation  of  the  results.  Nitrite  lot.  In  base  and  certc  torn 
did  not  react. 

Coulometrically  generated  al  lver  ( 1 1 )  - 1  on  was  tried  and  foceid  to  react 
slowly  with  creatine  but  not  at  all  with  creatinine.  Hvpobrum.tc  io«  «m 
generated  and  found  not  to  react.  Since  mercury (1 1  )-lon  reacted,  mer- 
cury(I)-ion  was  generated  and  tested;  It  did  not  react.  At  present  ne»- 
cury(II)-ion  is  being  tested  by  using  cyanide  Ion  to  obtain  a  potent  ics- 
metric  end  point.  Amperometrlc  end  points  fall  to  detect  mercuric  lorn 
because  of  the  formation  of  mercuric  oxide. 

It  seems  that  the  reaction  of  creatinine  with  oildlslng  agent*  la 
more  than  Just  an  electron  transfer  but  must  Involve  a  coupling  of  roe* 
kind  in  the  transition  3tate.  Thus  far  only  o-nl t robenialdehyd*  end 
mercuric  ion  have  been  shown  to  react.  Both  these  systems  are  being 
explored  further  with  mercuric  Ion  apparently  having  the  beat  chance  of 
success . 


The  determination  of  sodium  phenobarb 1 t al :  The  final  »et  of  standard 
conditions  for  the  coulometrlc  titration  of  sodium  phenobarb 1 1 a  1  with  elec¬ 
trogenerated  mercury(II)  has  been  established.  The  titration  is  performed 
in  a  total  volume  of  2.5  ml.  One  ml  of  0.67  N  NaClo^  and  O.*)  ml  of  acetone 
are  added  to  the  cell  in  addition  to  1  ml  of  a  standard  sodium  phenobarb  i 
tal  solution.  The  final  concentrations  are  0.3  M  NaClO^  and  201  acetone 
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by  volume.  The  cell  is  thermos  tatted  at  37*C.  A  representative  set 
of  data  la  given  In  Table  II.  The  numbers  In  parentheses  are  the  number 
of  duplicate  trlala  made  at  each  concentration.  It  is  concluded  that 
approximately  75  to  250  micrograms  of  sodium  phenobarbltal  can  be  titrated 
with  an  error  of  about  1  to  7X. 

Since  the  reaction  la  a  precipitation,  an  effort  to  reduce  the  solu¬ 
bility  af  the  precipitate  by  lowering  the  temperature  of  the  reaction  was 
made.  It  waa  thought  that  thia  would  increaae  the  aharpneas  of  the  titra¬ 
tion  curve.  The  temperature  waa  lowered  to  4*C,  but  the  titration  curves 
obtained  were  very  poor.  Only  e  gradual  Increaae  in  current  waa  observed, 
making  the  titration  curves  totally  unuaable.  Apparently  the  reaction  rate 
waa  effected  to  a  larger  extent  than  waa  the  solubility  of  the  mercury 
phenobarbltal  precipitate.  When  the  gradual  increaae  in  current  was 
observed,  it  was  at  a  time  that  waa  much  longer  chan  the  theoretical  time. 

There  la  good  evidence  that  Hg(II)  is  not  generated  directly  under  the 
conditions  described  above.  At  high  generation  currents,  a  gray  to  black 
precipitate  forme  In  the  titration  cell;  upon  close  Inspection,  finely- 
divided  elemental  mercury  can  be  seen  mixed  with  the  precipitate.  The 
interpretation  of  this  observation  is  that  Hg(I)  is  initially  generated, 
and  this  dleproport ionates  to  form  Hg(II)  and  elemental  mercury.  The 
Hg(II)  then  reacts  with  the  barbiturate.  Since  the  Hg(II)-barblturate  com¬ 
plex  is  very  stable,  the  disproportionation  equilibrium  is  in  favor  of  the 
HC(II).  This  same  observation  has  been  made  in  the  coulometrlc  titration 
of  thiourea  with  electrogenerated  Hg(II)  (42). 

Studies  have  also  been  made  to  apply  the  above  coulometrlc  titration 
of  sodium  phenobarbltal  to  the  analysis  in  blood  serum.  The  barbiturate 
waa  extracted  from  the  serves  using  50  ml  of  chloroform.  The  barbiturate 
was  then  extracted  from  the  chloroform  with  5.0  ml  of  0.45  N  NaOH.  One  ml 
of  the  NaOH  extract  was  acidified  and  added  to  the  couloneter  cell  where 
the  coulometrlc  titration  was  performed  under  the  same  conditions  as  pre¬ 
viously  described.  It  was  necessary  to  acidify  the  NaOH  extract  because 
of  the  possibility  of  mercuric  oxide  formation  at  pH  values  of  10  or 
higher.  The  results  of  these  titrations  were  unsatisfactory  and  very  high 
blank  values  were  obtained. 

Methylene  chloride  was  used  to  extract  the  barbiturates  from  serves. 

This  compound  has  been  shown  to  be  satisfactory  for  nearly  all  the  common 
barbiturates  at  a  pH  of  about  six.  Initially  only  blood  serum  without 
added  barbiturate  was  used  so  that  the  selectivity  of  the  methylene  chlo¬ 
ride  extraction  could  be  examined.  The  procedure  employed  was  to  take  1.0 
ml  of  series  and  add  to  this  4.0  ml  of  pH  6  phosphate  buffer.  Two  15-ml 
portions  of  methylene  chloride  were  used  for  the  extraction,  and  the 
extracts  were  combined  and  extracted  with  5.0  ml  of  0.45  N  NaOH.  One  ml 
of  the  NaOH  extract  was  then  acidified  and  added  to  the  coulometer  cell. 

The  coulometrlc  titration  was  performed  as  above.  A  negligible  titration 
value  of  0.05  ueq  was  obtained.  The  methylene  chloride  extraction  is 
therefore  more  selective  than  the  chloroform  extraction  and  this  compound 
is  presently  being  used  for  the  extraction  of  sodium  phenobarbltal  from 
serum. 


100 


(  ) 


To  determine  the  optimum  conditions  for  the  recovery  of  sodium  pheno- 
barbital  from  seriao,  a  standard  ultraviolet  method  was  employed.  A  known 
amount  of  standard  sodlun  phenobarbltal  was  added  to  1.0  rl  of  serum,  4.0 
ml  of  pH  6.15  phosphate  buffer  was  added  followed  by  15.0  ml  of  methylene 
chloride.  The  extraction  was  performed  and  the  barbiturate  was  back- 
extracted  with  5.0  ml  of  0.45  N  NaOH.  Two  2.0-ml  aliquots  of  the  NaOH 
extract  were  taken  and  each  was  separately  diluted  to  10.0  ml  with  water. 
The  absorption  of  these  solutions  was  measured  at  256  mu  on  a  Beckman 
Model  DB  spectrophotometer.  This  single  extraction  with  methylene  chlo¬ 
ride  yielded  recoveries  ranging  from  75  to  8GZ. 

Two  15.0-ml  portions  of  methylene  chloride  were  then  used,  the 
extracts  combined,  and  the  NaOH  extraction  was  performed  on  the  combined 
extrscts.  The  remainder  of  the  procedure  was  Identical  to  that  described 
above.  Recoveries  ranged  from  91  to  95Z.  The  results  were  consistently 
within  this  range  and  this  procedure  Is  now  being  used  exclusively. 

When  the  methylene  chloride  extraction  Is  performed,  an  emulsion  Is 
formed.  The  two  most  common  methods  for  treating  an  emulsion  are  centrifu¬ 
gation  and  filtration.  Centrifugation  was  not  successful  In  completely 
breaking  down  the  emulsion,  so  several  methods  of  filtration  were  Investi¬ 
gated.  The  most  satisfactory  method  Is  to  use  a  millipore  pre-filter 
(essentially  a  glass  fiber  filter  disc)  In  combination  with  one  piece  of 
Whatman  No.  1  filter  paper.  Using  this  combination,  the  recoveries  range 
from  91  to  95Z.  Some  adsorption  on  the  filter  paper  does  occur,  making 
the  recoveries  slightly  on  the  low  side,  but  still  acceptable. 

After  the  optimum  conditions  for  the  recovery  of  sodium  phenobarbltal 
from  serin  were  established,  comparisons  of  this  method  with  the  coulo- 
metrlc  method  were  made.  One  of  the  critical  factors  affecting  the 
coulometrlc  method  is  the  pH.  If  the  pH  Is  less  than  6,  there  Is  an 
immediate  rise  In  current  Indicating  that  the  Hg(II)  Is  not  reacting  with 
the  barbiturate.  Therefore  the  pH  must  not  fall  below  6.  Several  buffer 
systems  were  Investigated  In  the  pH  range  between  7  and  8.  Among  these 
were  ammonia-boric  acid,  carbonate,  and  citric  acld-sodlum  dlhydrogen 
phosphate.  When  generation  of  the  reagent  was  carried  out  in  these  buffer 
solutions,  no  Increase  In  current  occurred.  This  indicated  that  the  gen¬ 
erated  reagent  was  reacting  with  the  buffer  solution. 

Since  a  satisfactory  buffer  system  could  not  be  found,  the  pH  of  the 
sodium  hydroxide  extract  was  adjusted  with  6  N  nitric  acid.  A  pH- 
combinatlon  electrode  was  used  to  measure  the  pH  since  only  1.0  ml  of  the 
NaOH  extract  was  being  added  to  the  couxometer  cell.  The  adjustment  and 
control  of  the  pH  to  about  7  was  rather  difficult,  even  when  the  HNO3 
reagent  was  added  with  a  syringe.  When  the  pH  was  finally  adjusted  to 
about  7.0  to  7.5,  and  the  titration  performed,  only  51%  recovery  was 
obtained.  This  same  procedure  was  given  additional  trials,  but  the  results 
were  very  random  and  recoveries  were  never  better  than  51%. 


101 


The  determination  of  salicylates:  Work  has  continued  on  the  develop¬ 
ment  of  a  coulometric  titration  which  is  suitable  for  the  determination 
of  salicylates  in  clinical  samples.  This  work  has  been  aimed  at  a  method 
based  on  generation  of  an  excess  amount  of  bromine,  followed  by  (i)  back- 
titration  with  coulometrically  generated  Cu(I),  or  (ii)  addition  of  a 
standard  solution  of  KSCN  to  react  with  the  remaining  bromine,  followed 
by  titration  of  the  KSCN  with  generated  B^. 

The  cell  used  in  these  studies  is  similar  to  those  described  in 
Lingane.  The  titration  vessel  is  fashioned  from  an  inner  AO/35  ST  joint 
which  has  been  sealed  at  the  lower  end  to  form  a  beaker-like  container. 

The  vessel  can  accommodate  conveniently  volumes  from  15  to  30  ml.  A  cap 
for  the  vessel  has  been  made  from  the  corresponding  outer  joint.  Three 
tubes  are  sealed  into  the  top  to  allow  intrusion  of  three  Sargent  Pt 
electrodes  into  the  cell,  and  an  isolation  tube  with  a  fine  porosity  frit 
is  ring-sealed  to  allow  a  fourth  Pt  electrode  to  be  isolated  from  the 
other  three.  It  was  found  that  a  small  ventilation  hole  must  be  provided 
in  the  cap.  Otherwise,  the  tight  fit  of  the  joints  caused  a  pressure 
differential  inside  the  cell  when  the  cap  is  placed  atop  the  lower  part. 
This  pressure  forces  liquid  from  the  cell  up  into  the  frit  and  allows 
loss  of  sample,  causing  erroneous  results.  Much  time  and  effort  was 
spent  in  the  search  for  this  source  of  error. 

In  our  first  investigatory  titrations,  Br2  was  generated  at  a  fast 
rate,  then  it  was  back-titrated  with  Cu(I)  to  check  the  reproducibility 
of  the  system.  The  generating  current  was  10  mA  and  the  solution  used 
was  1.0  M  NaBr,  0.067  M  CuSO^,  and  0.33  M  H2SO4.  End  points  were 
obtained  as  described  above  and  some  typical  data  are  quoted  in  Table  III. 

In  addition,  a  salicylate  solution  was  titrated  to  evaluate  the  repro¬ 
ducibility  of  that  part  of  the  procedure.  The  titration  was  not  reliable, 
and  after  some  deliberation,  it  appeared  that  the  indicator  electrodes 
were  unable  to  follow  the  Cu(II)/Cu(I)  couple  at  high  titration  rates.  It 
was  found  that  a  generation  rate  of  1  mA  was  satisfactory  from  this  stand¬ 
point.  Unfortunately,  this  is  unsatisfactory  from  another  standpoint. 

The  reason  for  back-titration  of  salicylate  is  that  the  reaction  with 
bromine  is  slow.  When  unreacted  salicylate  and  bromine  remain  in  the  cell, 
the  back-titration  with  Cu(I)  must  be  fairly  rapid  so  that  differences  in 
titration  time  are  not  too  large.  Large  variations  in  titration  time  can 
cause  varying  amounts  of  reaction  between  B^  and  salicylate  while  the 
back-titration  step  is  being  carried  out.  This  seems  very  probable  with  a 
generation  rate  of  1  mA. 

At  this  point,  a  study  of  both  the  influence  of  the  amount  of  excess 
Br2  generated  and  the  reaction  times  was  in  order.  It  was  realized  that  in 
order  to  properly  investigate  the  latter,  some  means  to  quench  the  bromina- 
tion  reaction  was  needed.  KSCN  was  chosen  as  the  quenching  agent. 

The  preliminary  studies  of  the  B^-salicylate-KSCN  system  have  begun. 
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Although  somewhat  tentative,  results  suggest  that  more  Br£  is  consumed 
in  the  reaction  with  salicylate  than  has  been  reported  in  the  literature. 
Further  work  is  anticipated  on  this  aspect  of  the  problem. 

Polarography .  Polarography  of  amino  acids  in  dimethylsulfoxide : 
Polarographic  studies  of  amino  acids  in  dimethylsulfoxide  (DMSO)  solvent 
were  continued.  The  polarographic  characteristics  of  DL- tryptophan,  and 
partially,  of  DL-methionine  and  DL-phenylalanine ,  have  been  elucidated. 

The  reduction  waves  for  all  three  amino  acids  occur  at  approximately 
E  1/2  =  -2.39  V,  beyond  the  half-wave  potential  for  the  reduction  of  water 
(-2.07  V).  (All  potentials  are  measured  vs.  an  aqueous  SCE.)  It  has  been 
observed  that  if  the  water  concentration  increases,  the  height  of  the 
amino  acid  wave  decreases  (measured  as  the  height  above  the  plateau  of  the 
water  wave).  Due  to  this  anomalous  behavior,  to  be  discussed  later,  it 
was  considered  critical  that  the  water  concentration  remain  constant 
throughout  all  runs. 

To  insure  this,  the  procedure  for  purifying  and  handling  the  DMSO  was 
changed.  J.  T.  Baker  reagent  grade  DMSO  distilled  over  Fisher  8-14  mesh 
indicating  activated  alumina  was  found  to  be  free  of  polarographic  impuri¬ 
ties  and  to  have  a  constant,  low  water  content.  This  solvent  was  stored 
no  longer  than  two  days  in  a  sealed  flask,  under  dry,  pre-purified  nitrogen. 
The  supporting  electrolyte,  tetraethylammonium  perchlorate,  after  recrystal¬ 
lization  from  water  was  dried  in  a  vacuum  oven  at  60°C  for  about  24  hours, 
and  stored  over  P2O5  desiccant.  This  procedure  has  yielded  very  reproduci¬ 
ble  water  waves  for  solutions  over  a  large  number  of  runs. 

Polarography  of  vanadium  in  DMF:  This  study  of  the  polarography  of 
vanadium  has  diverged  into  two  segments.  One  segment  is  concerned  with  the 
polarographic  wave  forms  of  vanadium  in  dimethylformamide  (DMF)  and  the 
other  with  a  DMF  reference  electrode.  The  second  grew  out  of  a  need 
developed  in  the  first. 

Previous  studies  were  made  on  the  vanadium  wave  which  occurs  at  about 
-0.38  V  vs.  the  cadmium  reference  electrode.  The  results  are  difficult  to 
interpret  because  the  E  1/2  varies  as  much  as  20  mV  and  does  not  vary  in  a 
consistent  pattern.  Because  of  this,  the  reference  electrode  was  checked. 

The  reference  electrode  used  for  the  above  studies  was  a  massive  Cd/j| e), 
CdCl2  electrode  described  by  Marple.  The  electrode  needed  testing  for  8 
consistency  with  and  without  a  load.  This  testing  had  been  done  by  Marple 
and  the  electrode's  characteristics  had  been  found  to  be  satisfactory.  The 
only  difference  in  the  make-up  of  our  cells  was  that  Marple  had  a 
specific  CdC^!  CdC^ . 2-I/2H2O  ratio  in  his  cell  while  we  did  not.  However, 
with  a  ratio  varying  from  20:1  to  20:6,  the  maximum  difference  was  only 
1.6  mV  and  our  electrode  seemed  to  vary  more  than  that. 
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The  first  test  performed  was  to  run  a  series  of  metals  in  water  and 
compare  the  obtained  K  1/2  values  with  those  in  the  literature.  The 
values  were  corrected  for  iR  drop,  and  the  resistance  ■/ as  determined  in 
two  ways,  with  a  conductance  bridge,  and  by  varying  the  concentration  of 
cadmium  ion  and  calculating  the  R  by  R  =  (  A  E/  A  1^)2-  The  second 
method  gave  the  many  varied  results  shown  in  Table  XVII. 

There  seemed  to  be  two  possible  reasons  for  the  large  discrepancy  in 
E  1/2.  One  was  the  inconsistency  of  the  reference  electrode.  The  other 
was  a  large  and  changing  junction  potential  developed  between  two  differ¬ 
ent  solvents.  The  junction  potential  would  not  be  a  problem  when  running 
vanadium  in  DMF;  it  would  be  a  problem  when  there  was  a  water-DMF  inter¬ 
face,  as  when  running  Cd  and  Zn  to  test  the  electrode. 

Li,  Na,  and  K  have  been  run  polarographically  in  DMF  using  a  Hg  pool 
reference  electrode.  These  were  run  in  DMF  to  compare  the  Cd  reference 
electrode  with  the  Hg  pool.  The  results  were  again  poor,  and  since  there 
is  no  significant  junction  potential  here,  it  would  indicate  that  the 
reference  electrode  is  not  acting  well. 

The  junction  potential  was  tested  by  builuing  an  SCE  in  the  opposite 
compartment  of  the  cell  and  comparing  the  SCE  with  our  standard  reference. 
Readings  were  taken  at  regular  intervals  after  the  center  compartment  of 
the  cell  was  filled.  The  potential  vs.  time  was  recorded.  The  shape  of 
the  curve  obtained  was  not  consistent  from  one  run  to  another  but  the 
curves  did  show  that  a  considerable  potential  was  built  up  between  the  two 
solutions.  When  a  46,000-ohm  resistor  was  connected  between  the  elec¬ 
trodes,  the  potential  dropped  sharply;  the  potential  dropped  slowly  as  the 
current  flowed.  When  the  resistor  was  removed,  the  potential  rose  sharply. 

Up  to  this  point  there  wa-  o  agar  plug  between  the  SCE  and  the  sample 
compartment.  A  plug  was  added  in  the  hope  that  this  would  stop  the  trans¬ 
ference  sufficiently  to  prevent  a  significant  junction  potential.  The 
resistance  was  also  increased  to  allow  only  1  uA  of  current.  The  potential 
changed  only  3.4  mV  in  15  minutes  of  operation.  With  the  agar  plug  still 
in  place,  the  Cd  and  Zn  aqueous  solutions  were  run  again  and  the  results 
are  given  in  Table  XVII. 

Nov  that  it  was  possible  to  impose  conditions  to  maintain  a  constant 
potential  reference  source,  we  tried  to  make  up  a  series  of  reference 
electrodes  in  15-ml  vials,  each  electrode  containing  varying  amounts  of 
water.  These  were  equilibrated  over  the  weekend  at  25°C  and  then  tested 
by  placing  them  in  one  side  of  the  H-cell  and  comparing  them  with  the  SCE 
while  1  uA  of  current  was  flowing.  The  results  were  random,  even  when 
long  equilibration  times  in  the  H-cell  were  employed.  The  standard  devi¬ 
ation  was  11. 'i  mV  between  the  electrodes  with  the  longest  equilibration 
time  in  the  H-cell. 


104 


t 


It  was  obvious  that  if  one  wanted  to  use  the  Cd(^g),  CdCl2  reference 
electrode,  certain  restrictions  would  have  to  be  placed  on  its  use.  It 
would  be  best  if  a  small  electrode  that  carried  no  current  were  used  in 
place  of  the  massive  electrode  which  carried  a  current.  For  the  constant 
potential  coulometric  work  an  electrode  with  a  thirsty-glass  plug  was 
employed.  It  carried  no  current  but  used  the  same  Cd(jjg),  CdC^  half¬ 
cell.  The  first  electrode  of  this  type  was  not  completely  satisfactory 
because  the  zinc  oxide-sodium  silicate  used  to  seal  the  thirsty  glass  to 
the  glass  tube  was  slowly  dissolved  by  the  DMF.  Many  modifications  of 
this  electrode  were  tried  until  a  satisfactory  one  was  found. 

The  electrode  is  formed  out  of  a  3"  piece  of  1/4"  polyethylene  tubing. 

In  one  end  of  this  tubing  is  placed  a  1/4"  piece  of  thirsty  glass  which 
has  been  cut  off  flush  with  the  end  of  the  tubing.  On  top  of  the  glass  is 
placed  a  layer  of  glass  wool  followed  by  a  1/2"  layer  of  Cd^g^,  NaCl,  and 
CdCl2*  all  mixed  intimately  so  as  to  give  a  shiny  granular  mixture.  This 
is  covered  with  a  mixture  of  NaCl  and  CdCl2  in  DMF.  The  DMF  used  in  the 
fabrication  of  this  electrode  was  distilled  twice  over  P2O5  to  remove  water. 
In  handling,  a  little  water  was  undoubtedly  introduced.  A  glass  tube  with 
a  platinum  wire  sealed  in  one  end  formed  the  electrical  connection,  and  the 
top  of  the  polyethylene  was  melted  around  the  glass  tube  at  the  top  to  form 
an  air-tight  seal.  This  keeps  atmospheric  water  from  the  electrode  contents 
and,  because  the  air  pocket  inside  the  tubing  is  small,  it  keeps  the  volume 

in  the  tubing  from  changing  when  the  external  DMF  level  is  different  from 

the  internal  level.  Marple  states  that  it  is  important  to  have  the  amalgam 

in  the  form  of  a  slurry.  With  the  electrode  described  here  the  opposite  is 
true.  It  is  important  that  no  liquid  mercury  flow  down  and  cover  the  top 
of  the  thirsty  glass. 

Six  of  these  electrodes  were  made  up  at  one  time  and  they  showed  only 
2.8  mV  standard  deviation  after  two  weeks  of  use.  When  not  in  use,  they 
are  stored  in  tetraethylammonium  perchlorate  (TEAP)  solutions  of  DMF  and 
are  not  protected  from  the  atmosphere. 

This  electrode  seems  to  be  reliable  and  reproducible.  Some  studies  on 
the  effect  of  water  have  begun  using  this  electrode.  Because  of  the 
resistances  involved,  however,  it  was  necessary  to  modify  the  Sargent  Model 
XXI  polarograph  so  that  t  could  function  as  a  three-electrode  instrument. 

Chronopotentiometry .  The  cause  and  solution  to  one  problem  has  been 
found-  When  using  differential  inputs  to  operational  amplifiers,  one  must 
consider  the  possibility  that  the  two  inputs  do  not  have  the  same  gain. 

This  was  discovered  in  connection  with  the  Scaling  amplifier,  and  it  was 
found  that  to  correct  for  it  a  variable  resistance  from  the  non-inverting 
input  to  ground  was  needed  to  adjust  the  gain.  The  fixed  250  K  resistor 
was  replaced  with  a  fixed  215  K  and  a  variable  50  K  resistor.  The  inputs 
are  shorted  to  see  the  same  signal  and  the  amplifier  balanced.  Then  with 
normal  signal  through  the  Sensing  resistor,  the  voltage  output  of  the 
Blank  Amplifier  is  made  to  swing  through  a  2  to  5  common  mode  voltage 
range  (expected  in  the  cell)  and  the  50  K  resistor  is  adjusted  until  the 
output  of  the  Scaling  amplifier  remains  constant. 


105 


The  P85AU  arplitiet  has  a  high  (20,0 OO  1>  .  .  ttvmi  -0C1  r ..  itaun  rati 
and  can  be  used  a'-  the  above-described  Sialinc  ar.pli’ier.  Atter  proper 
adjustment  it  gave  constant  output  with  constant  current  input  over  2  to 
10  volts  common  mode  range.  Attempts  to  use  a  10-K  potent i >meter  as  the 
current  sensor  and  eliminate  the  gain  of  10  at  the  Scaling  amplifier  led 
to  instability  and  oscillations.  The  1  K  with  gain  of  10  is  satisfactory. 

The  Scale-inverting  amplifier  was  rewired  with  a  switch  to  give  i 
choice  of  compensation  methods:  (i)  addition  of  »xtra  current  to  the  test 
cell  to  give  100%  efficiency  or  (ii)  subtraction  of  t  tie  blank  voltage  from 
the  set  voltage  and  integration  to  give  an  effective  time  tor  •.  It  was 
found  that  the  integrating  circuits  are  critical  t o  transient  switching 
pulses  even  in  the  timer  circuits.  It  was  necessarv  to  put  capacitors 
across  the  timer  brake  coils  to  lower  transients  in  order  to  get  good 
integration  values. 

Attempts  to  use  the  Photovolt  Integraph  as  a  digital  readout  were 
discontinued  after  preliminary  calibration.  The  Integraph  drifts  over 
long-term  integration  and  does  not  count  fast  enough  to  give  enough  sig¬ 
nificant  figures.  Also,  it  counts  at  a  different  rate  with  +  inputs  than 
with  -  inputs.  A  simple  voltage-to-f requencv  converter  nay  work  better 
to  give  digital  readout.  Such  a  device  can  be  built  around  a  uni-junction 
transistor  acting  as  a  saw-tooth  generator,  if  an  input-conditioning  cir¬ 
cuit  is  used.  The  putput  pulses  can  he  read  on  Decimal  Counting  Units. 

A  test  to  compare  the  area  of  the  Blank  and  Test  cells  was  conducted 
with  the  same  1  mM  cadmium  solution  in  both  cells.  The  same  200  pA  cur¬ 
rent  through  both  cells  gave  10%  greater  area  In  the  Blank  cell.  Coating 
the  cells  with  Desslcote  to  prevent  the  solution  from  penetrating  the  glass- 
mercury  surface  helped  somewhat.  A  new  cell  setup  was  constructed  by 
machining  a  block  of  Lucite.  The  cell  diamet  rs  were  machined  and  polished 
to  less  than  l/1000th  inch.  Neither  mercury  nor  water  wet  plexiglass  and 
thus  give  a  more  reproducible  surface  interface.  It  is  found  that  careful 
cleaning,  filling,  and  nitrogen  purging  is  necessary  for  the  two  cells  to 
give  the  same  T-value  with  the  same  1  mM  cadmium  solution. 

Rodgers  (65)  gives  computational  procedures  to  show  the  effect  of  the 
cell  double-layer  charging  on  the  shape  of  the  chronopotentiogram.  He 
makes  corrections  by  obtaining  an  estimate  of  the  capacitance  effect  and 
from  a  graph  obtains  a  correction  value  for  a  parameter  related  to  t.  He 
also  observes  that  the  best  i -values  are  obtained  by  reading  the  time 
between  set  intervals  either  side  of  E  1/4.  This  is  the  procedure  we  have 
been  using  with  the  auto-switching  mode. 

Recent  attempts  to  determine  the  coulombs  used  in  charging  the  double 
layer  and  capacitor  with  a  0.1  M  KC1  solution  in  the  test  cell,  gave  a 
wide  range  of  values.  The  poising  of  the  cell  before  electrolysis  is  quite 
critical.  Also,  there  may  be  electroreducible  impurities  in  the  solution 
as  the  coulombs  passed,  varying  the  current.  The  previous  runs  on  a  given 
mercury  pool  also  affect  the  coulombs  used.  Attention  is  being  given  to 
the  use  of  graphite  electrodes.  A  means  of  trimming  them  to  a  reproducible 
area  is  being  sought. 
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The  work  covrrrd  bv  this  rrport  hit  beer,  arrleJ  ut  hv  *  ur  analytical 
technique*'  atomic  Absorption  sped  roscopy  ,  coulo*«trv,  po  1  arog  r  aphv  ,  and 
cb r onopotent 1 oee t rv  . 

A  satisfactory  calibration  curve  for  trace  quantities  of  vanadium  hu 
been  obtained  bv  atonic  abscrptl'n  using  the  nitrous  uxl de-acetv lene  f 1  an* . 
Cont aalnat 1  on  froe  the  deionized  water  and  other  sources  was  found  to  be 
about  4  p.p.b.  of  vanadium.  Following  a  drv-ashlng  procedure,  the  vanadlua 
In  urine  staples  was  acasured.  Although  the  results  are,  for  the  moaent , 
tentative,  the\  indicate  the  presence  of  up  to  0.04  p.p.m.  vanadlua  In  the 
s  ample . 

Coulometric  titrations  have  beer,  applied  to  the  determination  of  acid 
and  alkaline  phosphatases.  Following  hydrolysis  of  the  phosphate  ester  by 
the  enzyme,  phenol,  or  a  substituted  phenol,  and  phosphate  are  released. 

The  phenol  is  then  titrated  with  generated  bromine. 

The  same  tltrant  Is  employed  for  the  titration  of  cholesterol.  Inter¬ 
ferences  from  7-dehydrocholesterol ,  desmosterol  ,  and  dihydrocholesterol 
can  be  removed  by  thin-layer  chromatography.  Results  suggest  that  choles¬ 
terol  may  be  titrated  at  the  2U-^g  level  with  a  precision  and  accuracy 
within  IX. 

Coulomet rically  generated  mercurv(II)  is  being  used  for  the  titration 
of  creatinine  and  sodium  phenobarbital.  The  determination  of  glucose  via 
glucose  oxidase  lias  been  modified  in  an  attempt  to  extend  it  to  the  deter¬ 
mination  of  maltose  through  maltase.  Once  maltose  can  be  determined,  it 
should  be  possible  to  develop  a  procedure  for  amylase. 

Standard  salicylate  samples  have  been  assayed  by  an  indirect  titration 
following  brominat ion  of  the  benzene  ring.  The  excess  of  bromine  is  then 
determined  either  with  copper(I)  or  potassium  thiocyanate. 

The  coulometric  determination  of  uric  acid  has  been  compared  with 
colorimetric  and  uv-enzymatic  methods.  The  data  indicate  that  the  coulo¬ 
metric  procedure  is  much  superior  to  either  of  the  other  methods.  Con¬ 
siderable  attention  has  been  given  to  the  study  of  the  titration  reaction 
and  to  the  nature  of  intermediates  formed  under  the  conditions  of  the 
determination.  Of  prime  importance  is  the  isolation  of  the  uric  acid  from 
all  potential  interferences  in  the  determinative  step. 

The  polarographic  behavior  of  DL-tryptophan  in  dimethylsulfoxide  has 
been  elucidated.  Partial  studies  have  been  undertaken  on  the  characteris¬ 
tics  of  DL-methionine  and  DL-phenylalanine  in  the  same  solvent.  For  the 
polarography  of  vanadium  in  dimethylformamide ,  the  need  for  a  stable 
reference  electrode  was  recognized.  A  cadmium- amalgam  reference  elec¬ 
trode  has  been  developed  which  maintains  a  stable  potential  in  this 
solvent,  even  after  several  weeks  of  use.  Additionally,  the  Sargent  Model 
XXI  polarograph  has  been  modified  to  accommodate  a  three-electrode 
capability. 
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Final  modifications  on  the  differential  derivative  chronopotentio- 
graph  have  not  made  it  possible  to  determine  what  we  consider  to  be  the 
best  estimate  of  the  transition  time.  This  is  crucial  for  the  kinetic 
studies  which  we  intend  to  make. 


108 


Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  174,  Applications  of  electroanalytical  techniques  to  biochemis¬ 
try  and  clinical  chemistry 


Investigators. 

Principal:  William  C.  Purdy,  Ph.D. 

Associate:  Marvin  Brooks 
A.  James  Engel 
Caroline  Huheey 
Charles  Manning 
Joseph  Monforte 
John  Moody 
Henry  Nipper 
Robert  Troy 

1.  Moody,  J.  R. ,  Christian,  G.  D. ,  and  Purdy,  W.  C.  The  coulometric 
titrati  n  of  tetraphenylborate  ion  with  electrongenerated  silver  ion 
and  a  biamperometric  end  point.  Application  to  the  determination  of 
potassium  and  polyethyleneglycols.  Anal.  Chim.  Acta,  42:  153,  1968. 

2.  Troy,  R,  J. ,  and  Purdy,  W.  C.  Analysis  of  uric  acid  in  biological 
media  using  coulometrically  generated  iodine.  Paper  II 8,  Analytical 
Division,  4th  Middle  Atlantic  Regional  Meeting,  Washington,  D.C., 
February  1969. 


109 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


L  OAT |  MMV  llWRY  4.  AMD  OF  MMMAHY 

68  10  31  0.  CHANGE 


ampoat  co/tnot  arm  mot 
DD •RJkB  (AR)  *34 


a.  LIVCL  OF  RUM 
A.  VORK  UNIT 


PftOJCCT  NUMMA 


3A061101A91C 


k,  COMTNMITHM 


C.  CONTMMTMI 


1 1.  TtTVS  (FWHO  MR  >MN 

(U)  X-Ray  Diffraction  Studies  of  Biological  Interest  (21) 


•  *.  KiMTimC  ADD  ncaHUWiL 

012700  Physical  Chemistry 


67  06 

CO  NT 

■  DATUM rrtCTIVfi  68  07 

■  IMAATIOMi  69  08 

■  numma.*  DADA  17-67-0-7160 

»  TYAC,  S  ,CT 

aaunmt.  22,976 

A  AMD. DA  ADAADi  EXT 

(.cum.  amt.  46,629 

It.  RBAPOAMANCK  ■ITMOO 

B.  CONTRACT 


*  PftOFKMtOMAL  MAN  YM 

k  FUN  OS  0»  i> 

1 

20 

0.1 

1  . 

m.  acnaomddddadamisatidm 

f  Walter  Reed  army  Institute  of  Research  Iaami*  University  of  Maryian 


Washington,  D.  C.  20012 


Iaoonimi*  College  Park,  Hd  20740 


■ami  Meroney,  COL  W.  H. 
TiLineiui  202-576-3551 


It.  DDADAAA  UH 

Foreign  Intelligence  Not  Considered 


RRIACIRAl  lUVUTiaATOA  fFMNlaA  99AM  110.9.  MM  j 

«am,»  Stewart,  J.M. 

202-454-2634 

•OCIAL  HCURITV  ACCOUNT  NUMMA: 

(amociatk  nvununM 

|  NA«t,  Knoblock,  CIjL  E.  C. 


;  ( U )  Analytical  Chemistry;  (U)  Biochemistry;  (U)  X-Ray;  (U)  Pharmacology 


«.  TtanicM  — hctivc.’  h  iwwiw.  aa  »»« <■«■  (■■■■  i  «mi*in  ■imam  r— a >■  w  — a m m— <»  a— iim«m  omm-1 

23.  (U)  To  study  chemical  structure  and  analogues  of  chemical  compounds  and  the  products 
of  the  interaction  of  these  compounds  in  biochemically  important  systems,  to  learn  more 
regarding  the  specificity  of  chemical  structure  in  treatment  of  disease. 

24.  (U)  To  relate  x-ray  structure  analysis  to  specific  configurations  of  the  chemical 
molecule  which  enhance  protective  capacity  of  the  chemical. 

25.  (U)  68  07  -  69  06  Accurate  structural  data  have  been  derived  on  a  series  of  different 
molecular  systems  which  show  activity  in  control  of  malaria.  A  data  base  now  consists 

of  crystal  structural  data  on  chlorguanide,  daraprim,  folic  acid,  chloroquine,  quina- 
crine,  acridine,  quinine,  and  a  ies  of  related  compounds.  Data  from  these  studies 
will  be  uspd  for  further  evaluation  of  structure-activity  relationships  of  a  series  of 
potential  antimalarial  agentr. 

For  technical  report  seeWalter  Reed  Army  Institute  of  Research  Annual  Progress 
Report,  1  Jul  68  -  30  Jun  69. 
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Description 

The  object  of  this  study  was  to  study  the  chemical  structure  of  a 
series  of  chemical  compounds  of  biochemical  interest  in  order  to  learn 
more  regarding  the  specificity  of  the  chemical  structure  of  some  of  the 
biologically  active  chemicals  in  the  treatment  of  disease.  Due  to  the 
military  importance  of  the  agents  used  for  treatment  of  malarial  infec¬ 
tions,  emphasis  has  been  placed  on  the  compounds  which  are  primarily 
effective  against  this  disease  and  their  kindred  agents  in  order  to 
ascertain  the  locus  of  specificity  and  enhancement  of  effect.  It  is 
expected  that  x-ray  structure  analysis  depicting  specific  configurations 
within  the  chemical  molecule  will  aid  in  evaluations  of  the  chemical 
structure  which  may  lead  to  enhanced  protective  capacity  of  this  chemical 
against  the  infectious  agent. 

Progress 

1 .  Maintenance  of  the  WRAIR  XRD-6  Diffractometer. 

During  the  second  year  of  the  use  of  the  WRAIR  Diffractometer,  a 
number  of  compounds  have  been  studied.  We  have  had  continuing  mainte¬ 
nance  problems  with  the  General  Electric-Datex  equipment.  The  major 
problem  of  reliability  is  focused  on  the  card  reader.  It  is  very  diffi¬ 
cult  to  keep  it  synchronized  properly  with  the  DATEX  "logic".  In  addition, 
during  this  period,  the  "chi"  circle  worm  drive  gear  became  so  worn  that 
replacement  was  required.  This  was  accomplished  through  the  excellent 
machine  shop  facilities  of  WRAIR.  The  overall  performance  of  this  device 


111 


Is  still  only  «t>out  401  of  its  potent  *  si  ueapite  oui  efforts.  The 
University  cf  Ma  ry  1  arve ,  Departrant  of  -heeist  rv  ,i»  staining  a  cooputn 
controlled  lnst  ruaent  to  he  SouseO  in  the  s rooe  with  the  <Cm1 
lnstruaent  And  it  Mill  serve  to  heck  up  a rvj  supplement  our  cat  a  ga'ber- 
ln|  Ability.  Me  look  forvaro  tc  this  lnstelletion  in  heptesoer  of  l  Vt)  ** . 

The  overall  quality  of  the  data  processed  f  roe  the  Mx^ln.  aAJ-o  can¬ 
not  be  faulted.  The  a- ray  diffraction  data  gives  state  of  the  art' 
crystal  structures.  In  section  three  are  suneaanzed  the  results  obtained 
to  date. 

2.  Crystal  lint  ion  of  compounds 

Crystallisation  of  quinine  sulfate  was  accomjllshcd  by  allowing  a 
saturated  solution  of  quinine  in  chloroform  to  evaporate  very  slowly  in 
a  vacuum  desiccator.  Crystallization  occurring  over  a  period  of  several 
months  resulted  in  platelets.  The  largest  crystals  obtained  were  appr>xi- 
mately  .  50  x  .26  x  .06  mm. 

The  crystallization  of  chloroqui ne  phosphate  was  attempted  in  several 
solvents.  The  best  solvent  appears  to  be  '>)?.  ethanol,  bevcral  stages 
of  recrystallization  from  a  saturated  solution  started  from  seed  crystals 
was  carried  out.  tlach  solution  was  seeded  with  crystals  obtained  from 
previous  recrystallizations.  This  technique  has  resulted  in  crystals 
which  appear  suitable  for  x-ray  diffraction  studies. 

Crystallization  of  folic  acid  was  attempted  in  a  number  of  ways.  The 
most  successful  method  to  date  has  beenslow  evaporation  of  a  solution  of 
folic  acid  in  dilute  aqueous  HC1.  Crystals  in  the  form  of  needles  resulted. 
Their  cross  section  appears  to  be  too  small  for  use  in  x-ray  diffraction 
studies.  Subsequent  recrystallization  using  these  needles  as  "seeds"  will 
probably  result  in  suitable  crystals. 

3.  Status  of  Computing 

The  current  version  of  x-ray-67,  our  crystallographic  computing  monitor, 
is  in  excellent  condition.  We  have  used  it  consistently  to  solve  and  re¬ 
fine  the  compounds  listed  below  in  Tart  4  of  this  report.  Dr.  Chastain 
has  supplied  us  with  other  links  of  the  system  and  our  collaboration  on 
the  automatic  centrosymmetric  phase  determination  programs  is  a  success. 

A  number  of  the  compounds  listed  below  were  determined  by  the  use  of  these 
programs.  The  papers  for  a  number  of  these  compounds  are  in  preparation. 

4.  Structures  Completed  and  Under  Study  and  Their  Status 

The  following  table  is  designed  to  give  a  capsule  view  of  the  crystal¬ 
line  materials  which  we  have  treated  by  means  of  the  WRAIR  XRD-6  Diffracto¬ 
meter.  It  is  divided  into  three  distinct  categories:  (1)  those  compounds 
solved  and  being  prepared  for  publication,  (?)  those  substances  in  the 
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(itccrll  of  k  1  j  t  i .  r ,  tb!  <  )  I  t  *v  »  r  e4U(  lilt  for  -.e  i  c*  vc  piv(>  tr  t 
nullum  p:rv  lit  it  rudurtt  infor*4Uo«. 

-u*man  >nj  .okUiiqM 

At  the  prnf nt  tiM,  (here  >•  practically  r»  detailed  molecular 
Kn  «*t  t>  established  for  any  of  the  known  antinalarlal  comfv-atvds .  In 
fact,  even  the  ampler  uiirt  ui  of  these  compounds  have  not  been  deter- 
lined.  -e  have,  therefore,  at  this  point  set  out  to  gather  accurate 
structural  data  on  nanv  different  nletular  svstens  which  show  activity 
in  'alar  la  control,  tur  first  objective  is  to  establish  a  sound  expert- 
rental  basis  for  neklng  coepansons  of  the  various  drugs  and  other  reac¬ 
tive  compounds  involved  in  the  nalaria  parasite's  metabollsn.  «<•  are 
using  as  a  guide  In  this  program  the  btochenists  at  YRAlR,  Mergers 
''Medicinal  ohemistrv"  compendium,  the  recent  review  article  (Science, 

162 .  13^6)  "Malaria  and  Victory  in  Vietnar"  bv  Y.  Modell  and  informal  ton 
if  the  type  contained  in  chemical  and  tng I neer l ng  Hews  of  April  2h,  1969 
on  page  U2  on  a  new  ant  lralarial . 

Practically  every  structure  we  undertake,  in  addition  to  building  nr 
data  base  concerning  the  malaria  problem,  has  Interesting  structural  fea¬ 
tures  of  Interest  to  chenlsts.  lautomeric  forms  are  resolved,  pbi' jlated 
resonance  systems  are  checked,  and  accurate  bond  lengths  and  an,  U  »  aie 
established  for  previously  unknown  molecular  configurations. 

Single  crystal  x-ray  diffraction  is  now  moving  into  a  time  when  it 
can  be  used  easily  and  quickly  to  establish  accurate  molecular  configura¬ 
tions.  We  hope  to  take  advantage  of  this  fact  to  elucidate  the  structures 
of  antlmalarial  drugs.  In  this  way,  we  hope  to  get  fundamental  data  that 
will  help  further  understanding  of  the  control  of  the  disease. 
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23  (U)  To  determine  the  feasibility  and  the  product  •  v  1  ty  of  e  Special  Forces  medical 
e  p  1  d rss 1  o  1  l  c  a  1  ir«  working  In  *  forward  cue  bat  area. 

(41)  Train,  equip  and  deploy  such  a  tea*  of  ft  Medical  Officers,  3  KH'*s  and  16  KM  to 
V! etnas. 

25 ( U )  68  10  -  69  01*  KEST  tea*  has  been  disbanded  and  the  work  unit  therefore  terminated. 
Effort  of  the  teas  has  teen  Bade  a  part  of  the  Med  J'sch  Tea*  ( VM )  program. 
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,23  (“)  .».<  ob.'«— 1  ivt  '..■  •  Icvrloj  (<  on; ./s ' cm  'o  rento,  maintain  and  Index  the 

(abstracts  from  '.*.<•  .  rajl-ft!  Ms  oft  re  b.!!utl:..  .  I:,  o  '  i.«»  :  izo  of  the  field  of  each  item 
in  th  j  .ropial  hisoft.o  M.llc'i:.  iO'.rc  file  varies,  the  result  of  this  objective  will 
1  be  n  .rojicul  Ui.ftitv  ;•..!«-••  in  nat'cr  file  !n  ft  'omni  cumjiatiblo  with  other  existing 
.retrieval  systems.  A  : « -o:.J  obV'ivo  will  1.  o  develop  manipulative  capabilities  such 
;  «a  the  updating  of  '!..  ca.'<  r  file  and  sorting  or.  certain  fields  within  the  file. 

24  (U)  The  problem  orlor.'.  i  Ti'KA  '  language  will.be  used  because  of  the  ability  to  handle 
variations  in  spelling  of  words  and  punctuation. 

25  (U)  68  10  -  0)  0 L  .'of  ware  development  for  processing  input  ha3  been  completed.  These 
programs  create  •!.<■  'I*le.  author  and  journal  records  from  volumes  45  -  62  of  the  Tropi¬ 
cal  Disease  liullu'!:.  (  DB;  in  accordance  wit.!,  specifications  from  Biological  Abstracts. 

I  rograms  to  create  u  tacked  da‘«  base  from  volumes  45  -  63  of  TDB  have  been  completed. 

I  ‘This  file  contains  al!  ..pecial  characters  from  the  original  flexowriter  input  tapes.  A 
second  file  with  special  characters  deleted  has  also  been  created  and  is  used  to  expedite 
searching.  Beard.  u-d.n  Lp.es  to  handle  full  text  and  fraction  of  w^rds  were  also  develope 
land  tented.  These  tocnniques  provide  the  present  capability  to  retrieve  information  in 
■our  files.  Full  time  production  work  to  incorporate  information  from  volumes  1  -  44  of 
j  the  TDB  remains  to  be  complet  ed.  Further  analysis  is  needed  to  develop  techniques  which 
K expedite  search  time  and  manipulation  procedures  involved  in  discovery  of  synonyms  with¬ 
out  use  of  a  thesaurus.  Contract  was  terminated  69  06  30  due  to  relocation  of  investiga- 
j  tor.  Work  will  be  continued  under  a  new  contract  which  is  to  be  negotiated  in  the  near 
I  future.  For  technical  reports,  see  Walter  Reed  Anny  Institute  of  Research  Annual  Frogres^ 
j  Report  for  1  Jul  68  -  30  dun  69.  | 

i*A  vmtls I  tm  tm  tutuctan  wmao 

00,^1438-1  (FOR  ARMY  VS E)  12()  ~~ 


I 


Project  iAOr.lt  »IAVlt:  IN  HoUM:  lAIttiltA  H»|tY  INUM'KNDWt  HIMAMCH 


Tank  00,  In  House  I  abut  at  ory  1  lule  pc  ltd®  ft  l  Kcecatth 

Work  Unit  I1/,  Ttopjfal  IHacaacn  Bulletin  Informal  loo  retrieval  oynlc® 

I  live  at  1  gat  of  s  i 

Principal  Harry  V,  Voccola 
Deter  Ipt  ion 

The  purpose  of  this  effort  la  two  fold,  The  flr^l  objective  la  to  develop 
the  software  capable  of  handling  the  Input  created  by  the  encoding  of  the 
Tropical  Disease  Bulletin  and  to  manipulate  It  so  a  a  to  correct  errors, 
build  the  flic,  reformat  Index  tapes  suitable  for  handling  by  the  regular 
Biological  Abstracts  system.  The  second  objective  is  to  develop  a  search 
technique  capable  of  handling  full  text,  fractions  of  words  within  text, 
and  ultimately,  manipulation  procedures  Involving  the  discovery  of 
synonyms  without  the  use  of  a  thesaurus. 

Progress 

During  the  past  year  programs  In  T1MAC  and  MAP  have  been  completed  in 
order  to  build  and  correct  the  file  created  In  the  Tropical  Disease  Bul¬ 
letin  project.  These  programs  have  Involved  detection  of  errors  and  In¬ 
sertion  of  corrections  as  well  as  compiling  the  input  tapes  into  an  appro¬ 
priate  master  file.  In  addition,  programs  have  been  completed  for  con¬ 
verting  to  Biological  Abstracts  the  subject,  title,  and  author  indices  so 
that  the  existing  Project  EXPERT  system  can  handle  the  Tropical  Disease 
Bulletin.  In  addition,  search  questions  indicating  words  or  parts  of 
words  have  been  successfully  run  on  either  the  full  text  or  the  titles 
of  Tropical  Disease  Bulletin.  The  future  work  visualizes  compressing 
the  existing  file  to  reduce  the  search  time,  the  provisions  of  OR 
questions,  and  the  development  of  a  routine  inquiry  system  capable  of 
being  operated  by  a  non-programmer. 

Summary  and  Conclusions 

This  work  has  made  good  progress  in  that  there  is  now  a  searchable  file 
using  relatively  simple  search  strategies.  The  introduction  of  more 
sophisticated  techniques  is  to  be  expected  during  the  forthcoming  year. 
These  techniques  are  expected  to  lead  to  a  general  searching  capability 
capable  of  handling  relatively  unpurified  text.  Such  a  capability  will 
be  of  broad  interest  to  the  Army  Medical  Service. 
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.15.  (Ii)  68  10-68  11  Contract  tit'iii  ;..l  J  68  10  30  .mil  a  t  inal  tecltui  <  al  report  has 
boon  submit  tod  by  the  investigator,  (ourse  mat.cti.als  have  been  turned  over  to  Div 
cf  NP,  WRAIU .  Observations  and  fin  ii  ;  a!  rT  and  Pro  je-  l  01  fleer  at  SF.AT0  Lab  will 
be  hast;;  »>  ,i.t  extensive  m  \  '  ■  i .  o  «t  » 'n>  in  •  ■  i  si  *«•<!  I.Mpnav:-  cwn  ;e  to  lie  carried  out 
os  an  in-ltonse  effutt.  by  Div  >f  'IP  IV;  iii'ui  '1  1 1  pot  !  •  't  Walter  Reed  Army 
Institute  of  Research,  Annin  1  I’rov.  nss  l!i  pot  l  ,  I  tul  6.6  30  Inn  69. 
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Project  3AU'»1  lOi A91G ,  Is  IHH  SI  I  All  Ut  A  IOIO  INDMI'I.M  H-M  l<  HSI-.  Aid'll 

Task  00,  In-House  Laboratory  independent  Research 

Work  Unit  1 7 ti #  Programmed  Thai  for  military  medical  personnel 

Investigator. 

Kenneth  Stuart,  LTC,  MSC 

Description. 

The  investigations  conducted  in  conjunction  with  thla  wor* 
unit  were  concomed  with  the  experimental  tenting  and  eval¬ 
uation  of  on  automated  instructional  program  In  Thai  language 
skills  for  military  medical  personnel,  developed  under  con¬ 
tract  with  the  Institute  for  Behavioral  Research,  Heidi  b. 
Hughes,  Ph.D.,  Principal  Investigator. 

Progress . 

The  program  in  its  final  form  a a  It  was  received  from  IbH  for 
testing  consisted  of  the  following: 

A.  A  prototype  audiovisual  device  (including  a  control 
unit) ; 

B.  Subject  materials  divided  Into  40  sections,  or 
lessons j 

1.  Audio  materials  presented  on  continuous  tape 
cartridges ; 

2.  Visual  materials  presented  on  black  and  white 
continuous  film  strips; 


lessons ; 


3.  A  student  manual,  divided  into  40  sections,  or 


4.  A  three-part  word  book,  or  dictionary; 


5.  Audiotapes  of  the  practice  sections  of  the  stu¬ 
dent  manual; 

C.  Edward  M.  Anthony’s  A  PROGRAMMED  COURSE  IN  READING 
THAI  SYLLABLES,  Ann  Arbor,  The  University  of  Michigan  Press, 
1962. 

These  materials  were  completed  and  delivered  to  WRAIR  for 
testing  in  December  1967.  The  completed  program  had  not 
been  administered  to  subjects  at  IBH  prior  to  delivery. 
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Observations  and  data  baned  on  the  adml nin trat 1  on  of  the  pro¬ 
gram  to  17  volunteer  subjects  In  Thailand  indicate  that  the 
program  fell  far  short  of  ite  stated  objective:  performances 
fell  below  the  S-l,  S-2  levels;  aubjecta  did  not  acquire  even 
modeat  reading  or  writing  ekllis;  aubj^otn  were  unable  to 
apply  learned  material  in  basic  conversation  situations,  the 
prototype  audiovisual  device  was  Inadequate  for  the  purpoie; 
the  program  contained  much  poor.  Incorrect,  or  unacceptable 
Thai,  and  at  loaut  some  of  the  materials  were  culturally  In¬ 
correct  or  actually  offensive  to  the  native  Thai;  the  ‘student 
manual  presented  arbitrary  and  often  incorrect  explanation^ . 

At  the  name  time  that  the  program  was  being  administered  and 
ton  ted  in  Thailand,  the  contend  wan  reviewed  in  detail,  anl 
a  complete  critique  was  prepare.],  with  suggested  revisions. 

The  student  manual  was  s';.*  larly  treated.  Incorrect  state¬ 
ments  concerning  structure,  pronunciation,  usage,  etc.,  were 
also  noted.  A  supplemental  (advanced)  2<)  lesson  program  was 
prepared,  using  audiotapes  and  a  workbook,  and  additional 
textual  material  acquired  for  supplementary  use.  These 
materia’"  havr  been  Incorporated  into  the  entire  "package” 
which  now  constitutes  the  program. 

The  mission  of  this  investigator  was  to  administer  and  eval¬ 
uate  the  lbh  program,  and  to  identify  problem  areas.  Follow¬ 
ing  submission  of  an  Interim  Report  lri  Septerat  or  1068,  it  was 
considered  feasible  to  revise  the  program,  select  a  suitable 
audiovisual  device  from  among  commercial  products  available, 
and  prepare  new  softwear  for  further  testing  in  Thailand. 

It  has  become  evident  that  <  u/rent  funding  and  personnel, 
limitations  preclude  the  level  of  conml  ti..«*nt  of  resources 
which  an  adequate  remake  o"  tne  program  requires.  In  order 
therefore  to  put  to  use  the  materials  on  ham,  and  the  ex¬ 
perience  and  Information  gained,  the  program  will  be  turned 
over  to  the  Defense  Language  Institute,  for  wi.ntcver  use  they 
may  be  able  to  make  of  it  in  connection  wltn  Thai  language 
course  development  and  the  development  of  tnelr  own  audio¬ 
visual  program  in  Thai. 

Summary  and  Conclusions. 

An  experimental  course  in  tne  Thai  language,  presented  by 
means  of  an  audiovisual  device  and  based  or.  the  principles 
of  successive  approximation,  developed  at  tne  Institute  for 
behavioral  Research  (IbR)  was  taken  to  Thailand  for  evalua¬ 
tion  and  further  development.  The  program  was  administered 
to  seventeen  volunteer  subjects,  selected  from  among  person¬ 
nel  at  the  USA  Medical  Component,  SLAi’o.  At  the  same  tine, 
the  program  was  subjected  to  detailed  review.  Results  of 
this  study  Indicated  that  the  program  failed  to  achieved  its 
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terminal  behavior  goals,  and  that  an  extensive  revision  of 
all  parts  of  the  program  was  indicated.  Data  and  critique 
were  presented  to  Director,  WRAIR,  in  an  interim  report  in 
September  1968.  At  that  time,  it  was  considered  feasible  to 
attempt  an  in-house  revision  of  the  program.  This  revision, 
begun  in  Thailand,  was  to  have  been  put  into  final  form  at 
WRAIR  by  the  end  of  June  1969.  A  careful  review  of  addi¬ 
tional  costs,  personnel  and  time  requirements,  indicates  that 
limited  resources  in  all  three  areas  preclude  further  develop¬ 
ment  of  this  program  at  WRAIR  at  this  time. 
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Task  00  In-House  Laboratory  Independent  He  search 

Work  Unit  178  Programmed  Thai  for  military  medical  personnel 

Publications. 

None . 
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'  (U)  Organophosphonates;  (U)Antlensyae  Activity;  ( U )  Alkyl 
phosphonates  (U)  O-Arvl-OAlkyl;  (U)A»inoMlkvlDhosphQnata» 


(U)  To  prepare  a  vide  spectrum  of  O-aryl-O-alkyl  alkylphosphonates  and  O-ary l-O-elky  1 
aminophosphonate  esters  where  aryl  designates  (3-nltropheny 1  and  alkyl  spaclllaa  ethyl, 
cyclopentyl  and  cyclohexyl  groups. 

* 

(U)  Through  procedures  available  in  Che  chesalcal  literature,  with  modi  f  teat  i»n  at 
required, 

(U)  68  10  -  69  06  The  convenient  and  reproducible  synthatlc  pathway  to  the  else  4 

ester,  diethyl  p  nitrophenyl  phosphite  was  devised.  Complete  spectral  and  ataliiual 
data  confirmed  the  structure.  The  Arbusov  reaction  of  )  phthallmidoprupyl  hr  .mi* 
with  the  diethyl  p  nitrophenyl  phosphite  Co  fora  the  p  nitrophenyl  athyl  > 
phthallaidopropyl  phosphonate  was  attempted.  The  nuc leer -magnet  1c  ittufiaao  study  ■  « 
vealed  that  the  mixed  ester  failed  to  react  with  the  nitrogen  protected  smt«-  alkyl 
bromide.  Apparently  the  strong  electron  withdrawal  effect  of  the  p  aitru  |i my  * 
creases  tl«e  nucleophilic  strength  of  the  phosphite  est.r  dramatically,  work  t»  mm  i» 
progress  to  synthaslu  the  compound  utilising  the  Tjloe  procedure,  for  tetfcawel 
report  see  Walter  Reed  A ray  Institute  of  Research  Annual  Progress  fccp««t  1  duly  M 
30  June  69. 
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Teak  00,  In*Houa«  Laboratory  Independent  Keaearch 
Work  Unit  179,  Novel  ayntheara  ol  orgenopAcaphonate* 

Inve  *t  Hat  or  a. 

Principal  Stanley  J.  Iroli,  Ph.D. 

Aaaociate  Elaer  L.  ftrckei  .  Pti.D.,  N.D. 

Deacrtption  . 

rhc  purp-o*«  o(  thi*  (aak  la  to  prepare  a  vide  ipectrvei  of 
0-ar>  1  -O-  alky  1  alky  lphoaphonete  end  O-  ary  l -O-  alky  l  aelnoelky  lphoapho- 
natr  cater*  eterc  aryl  <kal(nat<i  yaittopAeayl  ,  and  alkyl  »$*«Cl/le* 
ethyl,  c  y  <  lopent  y  1  and  cydUeay  I  (tcvpi, 

Proarea*. 

1.  TVv  epproachet  are  keia|  for  the  pfeearatioe  ot  t  ha 

de  tied  ethyl  yal  t  lophtny  I  »  lylyk  apkonatea,  The  fir  *1 

approach  unlni  piepar  and  protect Ia4  tie  v-aaiao  |iogp  with 
pht  he  1  la  l  do  |tovp,  and  tinea  «  narni  (M  i  i  at  e  raa»  J  tat  •  ptoded  ,  The 
te^uialte  N  ( if  •  tr  oeaod  Ik  y  l  >  pM  ha  1  la  t  Ae  *  where  alkyi  torteapoead*  to 
propyl  hot  *  1  ,  p«aty  1  and  he  ay  1  have  We*  prepared.  Tie  aecoad 
approach  involve*  the  unti.e  of  a  v-ki*  ( t  r  i  ae  t  k  y  1  a  i  1  y  l )  aalnoalkane 
halide  with  fh«  appropriate  phoap-Mte  eater.  Ike  loreetloa  of  (he 
k  1  a  (t  r  laetSi  1  at  1  y  1  '  aaih  pataul*  aalta  Va  a  aaaklaf  the  prepare- 
t  |i*  of  i  -  ( t>  l  a  -  (  t  laat  thylailyl)  au^eiyt  keoeidto  via  41  (p  1  aceeea  at 
*«  1  ,  «  •  he  aaave  4i  kr  veil  4e  k»  petaiaiai  k  l  a  •  (  t  r  lee  t  ky  1  a  1 1  y  l  )  eelde, 

X  >«e  h.ee.<  l  jij  >  »v»  »  l  a  Ae  a  a  t  a  I  .  a  .  M  (  k  l  a  It  Uea  tkytallyl)  ea  l  «■  >a  l  k  y  l 
k  r  al  Jm  (alkyl  •  propyl,  k.lyl  ead  pentyl)  Wave  keen  prepared, 
kpectial  and  aaalyti.el  data  i  •«  1 1 1»  lie  II  at(w  t«n, 

.*  ,  A  .  ve*l  eat  **vd  I  « p  r  -dv<  l  k  l  •  a  a*  (ha  II.  yal*>*«y  to  the 

alaed  eater  diethyl  y  « l  t  f  f*»  •  y  1  pa.  apt  ll<  .a  a  AavlMd,  JVa 
AlV.lv.  liMl  It*  of  >  -  p  A  I  he  l  l  a  |  Aop  (  op  y  l  k  I  I  Aa  vlth  tie  dlalhyl 
p  •  a  i  t  t  yla  a  y  l  phv  epd>  lie  I  *  t  re  t  ha  p  -  *  1 1  I  .pda  ay  1  ethyl  )y*l  ha  1  l  - 
a |  Aop i  op  y  1  rnt  a  at  (oapled  I  *  I  ha  t  e  l  at  .1  a  I  an 4 •  l  '  l  ftf*V  a 
a.ateevatl.  la  er  aapMi  !■  I  e  a-aai.  a  ii.d>  levaaled  that  the  eiaed 

eater  felted  I*  »e*.t  alt*  « »-a  atii-pe*  yl»te<  led  ealh  alkyl  ktv 

•  Ida,  Appareatly  the  at  l-ap  ela«l(>e  allkdlaaal  effeit  ol  the  p 

•  III.  All  leaaa  1  t  >e  *«  le^AI  ||.  •  I  t  a  *4  t  h  .  (  the  ph.ephlte 

a  llal  t(  Met  l  ■  a  I  l  y ,  1*  I  *e  l  If  *t  ol  I  he  ae  .Aelut  tea  the  .  aa  .1 

•  let  eater  *  •  a  imie  to  t*e  Aentad  p  a  1 1  r  •  ph  ail  ethyl  v  ■  ea  i  a»  - 


alkylphosphonates  has  been  abandoned.  Work  is  now  in  progress 
to  synthesize  the  compounds  utilizing  the  Tjioe  procedure. 

Summary  and  Conclusions. 

1.  The  requisite  N(w-Bromoalkyl)  phthalimides  where  alkyl 
corresponds  to  propyl,  butyl,  pentyl  and  hexyl  have  been  prepared. 

2.  The  formation  of  the  bis  (trimethylsilyl)  amide  potassium 
salts  has  enabled  the  preparation  of  6-(bis-trimethylsilyl)  amino- 
hexyl  bromide  via  displacement  on  1,6  hexanedibromide  by  potassium 
bis-(trimethylsilyl)  amide. 

3.  A  convenient  and  reproducible  synthetic  pathway  to  the. 
mixed  ester,  diethyl  p-nitrophenyl  phosphite  was  devised. 


* 
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23.  (U)  To  study  chromium  metabolism  in  normal,  diabetic  and  elderly  human  subjects 
and  to  biochemically  define  defects  in  absorption,  handling  and  excretion  of  chromium 
associated  with  Impaired  glucose  metabolism.  To  Identify  the  nature  of  the  circulating 
chromium  complex  which  appears  in  the  plasma  in  response  to  glucose  ingestion. 


24.  (U)  Oral  51-chromium  will  be  administered  and  plasma  and  urinary  51-chromlum  concen¬ 
trations  will  be  determined  at  intervals  for  three  days.  The  same  measurements  will  be 
made  following  intravenous  injection  of  57-chromium.  Comparison  of  experimental  data 
will  allow  assessment  of .intestinal  absorption,  plasma  half-life  and  excretion  in  all 
three  types  of  subjects.  Studies  of  the  nature  of  circulating  chromium  will  initially 
use  animals.  Electrophoretic  patterns  of  chromium-containing  plasma  fractions,  before  aid 
after  a  glucose  load,  will  be  compared  and  the  eluted  fractions  tested  for  biological 
activity  ip  the  epidldymal  fat  pad  assay. 

25.  ( U )  68  07  -  69  06  Research  performed  furnishes  further  evidence  that  insul in- requit* 
ing  diabetics  display  an  abnormal  metabol  sm  of  chromium.  The  following  specific  obser¬ 
vations  were  made:  (1)  Insulin-dependent  diabetics  had  two  or  three  times  greater 
excretion  of  chromium  in  comparison  with  normal  or  oral-agent  diabetics.  (21  Plasma 
evaluations  of  normal  and  insulin-dependent  diabetics  gave  an  indication  that  chromium 
immediately  enters  tissues  and  returns  to  the  plasma  after  three  or  four  days.  (3)  High¬ 
est  excretion  of  chromium  occurred  within  the  first  24  hours  with  more  gradual  releaae 
on  second  and  third  days.  (4)  In  all  geriatric  subjects  studied  the  plasma  levels  of 
chromium  were  abnormally  low. 

For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Technical 
Progress  Report,  1  Jul  68  -  30  Jun  69. 
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The  laportance  of  trace  alaerals  la  kueai  aad  aalaal  aateholtt 
be  overeat  lasted.  The  evldeace  support  lag  the  role  of  threat i 
aetabollsa,  aad  the  occurrence  of  a  deficiency  state  ta  banana 
documented  previously. 


cat 

ta 


Our  present  knowledge  coaceralag  the  biological  role  aad  (sect lea  at 
chroalua  is  m fully  Inadequate.  The  aateat  aad  degree,  aad  the  r 
for  the  deficiency  states  In  the  adult  pepulstiee  are  ceapletely 
at  this  tlae.  After  certala  haste  taferaattee  ts  ehtal 
fully  find  the  answers  to  these  quest  tons  This  report  swaaartaee  the 
data  we  have  gathered  over  the  pest  year  concerning  chroalua  aad  lie 
role  In  aatabol loo. 

The  object  of  this  research  is  to  study  chroalua  aetaheltaa  ua  no  ran  1 . 
diabetic,  a  no  elderly  hunaa  subjects  aad  te  bloc heal  cel ly  define  defects 
In  absorption,  handling,  end  eacrettee  of  chroalua  as  oaeeclatad  with 
lapalred  glucose  aatabol lea.  The  nature  of  the  circulating  chroalua 
coaplea  which  appears  In  the  pi  area  following  gtwreee  ingest  lea  will  he 
studied  In  detail-  Oral  Tl-chrealwa  will  be  edeiateteied  and  pleeaa  and 
urinary  )1  -chranlua  concent  ret  lone  will  he  dels  rained  at  three*  day  laser* 
vale.  Haller  aaaeureaesMs  will  bo  aade  fallowing  leiravesaae  Injection 
rf  M*chroaiua.  Leaps it see  of  on  per  leone  a  1  data  will  allow  the  assess* 
sent  of  tbs  laportenco  of  intestine!  absorption,  pleeaa  he!f*ltfe,  aad 
escretloa  In  ell  throe  subject 


A  total  of  eight I’tn  subjects  hove  bees  studio 
Hedtcal  Center.  Iweetyfeur  were  noma  I  tadtvl 
Seventeen  were  elderly  no rue l  subjects  ages 
were  laaul  I  a*  requt  ring  diabetics  aged  11  •  H  Ten  ours 
trolled  by  oral  agents  or  diet,  awl  nine  were  diabetics 
for  e oogenous  laeulio  one  questionable 


to  l 

els 

y 


•  I  Upstate 

II  •  >o. 

d label  ice  ewe* 
rowel  rt 


'«  t»  tit  t  h«  t  r  Hill  1e  t  he  h  -*»  f 
h  1 1  ^  t  *  *  t  r  wilt  "he  chronica* 
l  C*.  ih  rcHuiltt  ..  f  4  i i.  i  >.  1  j  or  I  X  ■  1 

trivaleet  Cr  vlth  M'ottttc 


Hal  *=.&  i  ngr  » if.*  their  :  it  f 

(rectrtt Ice  Eiiiitj  of  tlthtr 
x  r  %>v  u.f  1  e  *  si  \  r'.  %  r  r  v  wx  r  ^  t; 


Hood  Iti  k«r«  !  tir«  *(  i«if  hour,  one  hour,  two  hour*,  four  hour*  , 

«' 4  hour*.  41  hour*.  and  i.iun,  After  lajtit  1  on  of  the  doee  '.(let 
col  lectio**  Here  for  12  hour*  (1  e  .  Id  three  »e;irtte  ’4- hour  » ut * e  • 

The  result*  •  ho*  th*t  !r  *11  Indt  vldwal*  the  plash*  level*  of  radio- 
Atlre  iXraiia  arc  ten  1  ov  !e  o«  1 v  (no  1  tvO  l  v  t  i  u*  1  *  d  1  d  the  pi  a*  ha 
level  reach  11  le  n  rijl  subject*  uede  r  TO  tear*  of  age  plash*  le<«i* 
changed  oei  1 v  slightly  over  the  first  '4  hour*,  hut  ro*e  to  higher  level* 

•  t  4  •  tft>!  12  hour*  Id  ,ontt*»t  the  e 1 de t  1  v  normal*  (  ’0)  »hu  t  r«  t 

•  t  l  Vo  hour*  and  •  steady  decline  t  he  r  e  « f  t  e  r  The  oral  agent  d 1  at e 1  .  » 

(tat ur 1 1 y - on** t  )  displayed  a  pattern  it  ri  stellar  to  the  elderly 

The  l**ul  Independent  d  l  abe  t  1 1  •  »  h.ue  J  an  elevation  of  plasm*  »  h  r  oeil  * 
level*  t  vo- and- *- ha  1  f  ■  seven  tine*  higher  than  normal*  The  pi**** 

level*  are  • 1 gn l f t c  ant  1 y  different  ( p  •  J  UX)  at  tvo  and  four  hour*  »hen 
compared  with  all  other  Individual*.  other  than  the  increased  Ionian 
tratloc*.  the  in*  u  1 1  e- r  equl  r  l  ng  diabetic*  are  rising  at  12  hour*.  t  le 
all  other  group*  ere  felling. 

1  *.  vould  appear  there  are  three  separate  and  distinct  pattern*  In  t  *  r** 

of  the  plasma  Cr  level*  The  similarity  of  the  elderly  nt  m*  1  and 

maturity  onset  diabetic*  curve*  1*  of  Interest  It  raise*  an  Interesting 
question  la  the  mat  ur  1 1  y  -  onset  diabetic  prematurely  aged  vlth  respect 
to  chronic*  aetaboll**’  Conversely,  ve  hnov  eldetlv  normal  people  tend 
to  abnormal  glucose  tolerance  test*  and  appear  to  be  diabetic  a*  Judged 
by  their  CTTa 


The  plasma  curves  of  the  normal*  and  Insulin  requiring  diabetic*  both 
give  an  Indication  that  Cr  leaves  the  plasma  conpartment  and  presuaatlv 
goe*  Into  the  tissue*,  and  cane*  bach  out  after  three  or  tout  day*  A 
feu  diabetic*  vere  steadied  at  M  hour*  and  had  higher  level*  at  *»•  hour* 
than  at  12  hour*  future  *tudle*  vlll  be  carried  out  over  a  1  nget  Jut* 
1 1  on  Table  11  record*  the  urinary  escietlun  of  chrualua  for  the  •*** 
group*  a*  » h  VT  In  Table  1  for  all  Individual*  the  highest  etc  tel  U« 

M  <  uf  ted  d  u  r  t  ng  t  he  f  l  r  •  t  4  hour  •  with  a  gr  ad  ua  1  de  1  1  t  nr  »n  the  vc  oevd 
and  third  dav* 


The  I  n*  u  1  l  n  deaen  <lc  nl  diabetic*  had  tvo  to  three  tine*  higher  tctal 
e*i retlun  of  ^  (i  than  did  normal*  <  r  oral  agent  diabetic*  The  differ 
enie  va*  •  1  gn  l  f  l  .  ant  at  the  It  confidence  level  The  first  and  l>lrd 
dav  >  0 1  1  >  1  t  l  cm  vere  al*c  •  I  g  n  1  f  l  c  an  t  1  v  higher  (p  ■  U  U  X  ) 


* 
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r»—t  <  ;■  •  0 . 0  S  fr  «  vim  in  normal*  voider  70  years  are 
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Five  subjects  received  ^chromium  labeled  albumin  In  an  effort  to  learn 
more  about  the  metabolism  of  chromium.  External  monitoring  over  the 
liver,  spleen,  and  precordial  areas  was  done  dally  In  sot  e  of  the  subjects. 
An  increase  in  counts  over  the  liver  occurred  at  approximately  seven-eight 
days.  Plasma  levels  and  urinary  excretion  data  were  also  collected. 

One  insulin-requiring  diabetic  of  long  standing  who  had  previously  dis¬ 
played  marked  ketosis  was  given  a  single  i.v.  tracer  dose  of  *Cr  CI3. 

The  dose  was  small  (i.e.,  1  microgram,  63  microcuries).  Electrophoresis 
was  not  practical  to  ascertain  localization  of  the  radioactivity.  Thus, 
we  resorted  to  ammonium  sulfate  fractionation  of  the  sera. 

It  has  been  shown  by  others  in  rats,  and  we  have  observed  that  small  i.v. 
doses  of  Cr  are  transported  in  the  globulin  fraction  of  serum  (i.e.,  on 
transferrin). 

Serum  was  collected  daily  and  subjected  to  ammonium  sulfate  fractiona¬ 
tion.  An  equal  volume  of  serum  was  mixed  with  saturated  (Ntyl-SO^.  This 
would  precipitate  the  globulins.  The  tubes  were  counted  and  the  supernate 
decanted.  Host  (70  -  601)  of  the  ^Cr  remained  in  the  albumin  fraction 
for  the  twelve  days  during  which  the  counts  were  followed. 

As  yet  we  have  not  studied  normal  subjects  "in  vivo11  in  this  regard,  but 
the  results  suggest  the  possibility  that  there  is  an  alteration  of  the 
bindii^  sites  in  the  globulin  fraction  in  diabetics.  We  lave  incubated 
Cr  "in  vitro"  with  normal  and  diabetic  sera.  The  normal  sera  have  more 
counts  in  the  globulin  fraction  than  do  the  diabetic  sera  (i.e.,  50%  vs 
301  approximately). 

Our  Boat  recent  efforts  have  been  devoted  to  a  preliminary  study  of  the 
binding  of  ^lcr  "in  vitro"  by  gastric  juice.  Since  the  lnsulin-reo'. 4  ring 
diabetic  apparently  absorbs  more  Cr,  an  investigation  into  binding  by 
gastric  Juice  seemed  warranted.  Briefly,  we  have  incubated  gastric  juice 
with  5lC»  and  then  separated  the  bound  radioactivity  on  Sephadex.  The 
Cr  appears  to  bind  to  a  low  molecular  weight  molecule.  Preliminary  evi¬ 
dence  suggests  the  diabetic  gastric  juice  does  not  bind  Cr  in  the  same 
fraction  as  does  the  normal  subject.  Further  studies  are  now  in  progress. 
Such  differences  may  help  explain  why  absorption  is  varied.  It  is  not 
known  whether  binding  is  a  prerequisite  to  absorption,  or  whether  binding 
prevents  absorption.  It  is  clear,  however,  that  gastric  juice  binds 
copious  amounts  of  trlvalent  chromium. 

Summary  and  conclusions: 

The  results  described  above  are  further  evidence  that  insulin-requiring 
diabetics  display  an  abnormal  metabolism  of  chromium.  Coupled  with  the 
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knowledge  that  adequate  chromium  stores  are  required  for  normal  carbo¬ 
hydrate  metabolism,  the  implication  is  that  chromium  may  be  involved  in 
the  etiology  of  diabetes.  Studies  such  as  we  have  described  will  help 
elucidate  the  physiological  role  and  importance  of  chromium  for  normal 
metabolism.  Biochemically  speaking,  alterations  in  carbohydrate  metabo¬ 
lism  lead  to  concomitant  alterations  in  lipid  metabolism.  Thus,  in  the 
overall  picture,  chromium  is  probably  involved  not  only  in  diabetes,  but 
also  in  arteriosclerosis  and  atherosclerosis  as  well.  The  health  and 
longevity  of  a  large  segment  of  our  population  certainly  depends  on  an 
increased  knowledge  of  the  role  of  trace  minerals  in  metabolism.  Studio 
such  as  these  are  an  obligation  of  the  scientific  community. 
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Table  1.  Consent  form  for  volunteers. 


Hj  .luge  J  meningitis  is  a  disease  which  occurs  in  Army  personnel  as 
well  as  in  civilians.  The  problem  has  been  under  study  at  the  Walter  Revsd 
Artsy  Institute  of  Research  and  a  vaccine  has  been  prepared  to  combat  this 
disease.  After  completion  of  safety  tests  in  cultures  and  in  animals  the 
vaccine  preparations  have  been  inoculated  into  workers  in  the  laboratory 
and  in  Army  recruits  and  were  found  to  be  safe  and  potent. 

In  order  to  document  the  ability  of  the  vaccine  to  prevent  infection  by 
meningococci  it  is  necessary  to  further  define  the  dose  which  is  effective. 
A  jingle  injection  of  a  small  quantity  will  be  made  in  the  skin  of  the 
forearm.  The  only  reaction  anticipated  is  an  area  of  redness  about  the 
site  of  a  fifty  cent  piece  which  may  be  slightly  tender  and  disappears  in 
36-48  hours.  Serum  samples  and  throat  cultures  will  be  obtained  several 
tines  during  the  basic  training  cycle,  as  part  of  the  usual  meningococcal 
surveillance  program. 


Without  duress  and  of  my  own  free  will  I  do  hereby  consent  to  participate 
Ln  this  re  sear  h  study. 


be  V 


Signature 


bate 


Signature 
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Tablu  2.  Number  of  volunteers  in  each  platoon 

receiving  each  dosage  of  meningococcul 
group  C  polysaccharide. 


Dose  in  micro  grama 


Platoon 

13 

50 

100 

Unvaccinated 

1 

11 

5 

2 

30 

2 

10 

15 

16 

7 

3 

9 

10 

12 

lrt 

Totals 

30 

30 

30 

55 
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Serum  specimens  and  pharyngeal  cultures:  Serum  was  obtained  by  veni¬ 
puncture  prior  to  vaccination  and  two  and  seven  weeks  later  and  was  stored 
frozen  prior  to  testing.  Pharyngeal  cultures  were  obtained  prior  to 
vaccination  and  at  intervals  of  two  weeks  throughout  the  duration  of  basic 
training.  Chocolate  agar  containing  lincomycin  and  polymixin  was  used  to 
isolated  meningococci  which  were  then  identified  by  fermentation  reactions 
and  serogrouped  using  antisera  prepared  in  this  laboratory. 

Results: 

1.  No  immediate  reactions  occurred.  No  adverse  reactions  were  noted. 
Vaccination  sites  were  observed  after  24  and  48  hours.  The  skin  reactions 
seen  were  those  previously  noted,  ie,  erythema  which  was  maximum  at  24 
hours  and  gone  by  A&  hours.  An  occasional  individual  had  slight  swelling 
or  tenderness  of  the  site  at  24  hours. 

The  size  of  the  skin  reaction  was  measured  in  centimeters  for 
each  axis  and  the  mean  of  these  two  measurements  was  utilized  to  compare 
reactions  to  each  dosage  level.  Seven  of  28  recruits  who  received  10 
micrograms  failed  to  show  a  skin  reaction;  all  men  who  received  50  or  100 
micrograms  developed  skin  reactions.  From  Table  3,  which  compares  the 
mean  size  of  tne  skin  reaction  at  each  dosage  level,  it  is  aoparent  that 
size  of  the  skin  reaction  is  directly  proportional  to  the  dose  of  antigen 
administered. 


Table  3.  Size  of  local  skin  reaction  at  varying  doses  of  vaccine. 


Dose 

No.  of 
men 

Mean 

skin  reaction  (cm) 

95% 

confidence  limits 

10  micrograms 

23 

0.6 

0.3-0. 8 

50  micrograms 

27 

1.4 

1.1-1. 3 

100  micrograms 

26 

2.6 

2.1-3. 1 

2.  Antigenicity  was  measured  by  hemagglutination  (HA)  response. 

Four  fold  or  greater  titer  rises  were  found  within  two  weeks  of  injection 
in  all  58  men  tested  who  received  either  50  or  100  micrograms.  In  the  1 
microgram  group  three  of  28  tested  had  no  titer  rise;  titers  ve:e  8,  8,  J ; 
8,  16,  16;  and  32,  32,  16  in  the  0,  2  and  7  week  sera.  It  may  be  of 
significance  that  all  three  individuals  who  failed  to  respond  to  1J  mi  d- 
grams  of  vaccine  had  elevated  HA  titer  prior  to  receiving  the  vaccine. 
Summaries  of  mean  number  of  tubes  increase  (2-fcld  dilutions)  and 
geometric  means  (Table  4)  of  HA  titers  in  the  various  dosage  groups  show 
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Comparison  of  three  routes  of  mer 


\  jgryis  C  .saiyncchttfli-? 


All  previous  studies  of  meningococcal  polysaccharide  vaccines 
have  utilized  the  intrade rmal  route  of  injection.  Sinoe  future  large 
scale  studies  would  be  simplified  by  use  of  the  jet  injector  apparatus 
this  mode  of  immunization  was  tested  in  recruit  volunteers.  Comparison 
was  made  with  needle  injection  of  the  same  amount  of  polysaccharide  (50 
micrograms)  given  intradermally  (ID)  and  subcutaneously  (SC) 

Preliminary  tests  were  carried  out  on  five  laboratory  volunteers 
given  group  C  vaccine  in  0.5  ml  volume  by  the  jet  injector  apparatus  (Jet 
gun)  into  the  deltoid  region.  Local  reactions  to  the  injection  were 
minimal.  Two  individuals  had  no  visible  reaction)  three  had  an  area  of 
erythema  measuring  one  cm  24  hours  after  injection  which  disappeared  by 
48  hours.  No  systemic  reactions  occurred.  All  five  developed  significant 
HA  titer  rises  in  two  weeks. 

Recruit  volunteers  (Company  E-5 -3»  Fort  Dix)  wore  randomly 
divided  into  three  groups:  ID,  SC  and  jet.  Lot  C-5  vaccine  was  used; 
all  volunteers  receiving  a  dose  of  50  micrograms.  ID  and  SC  groups 
received  0.2  ml  volume;  the  "jet"  group  was  given  50  micro  grama  in  0.5  ml 
volume  to  minimize  leakage  losses. 

Serological  and  carrier  stat9  studies  were  performed  as  before. 

Results:  ID  and  jet  groups  comprised  30  men  each;  SC  group  had 
23  men;  14  men  were  not  vaccinated.  Another  20  men  who  were  not  present 
initially  were  added  to  the  control  group  later.  No  adverse  reactions 
occurred.  Although  some  men  in  the  SC  and  jet  groups  developed  erythema 
at  the  site  of  injection,  these  were  much  less  noticeable  than  in  the  ID 
group  in  which  the  typical  reaction  was  seen. 

Every  man  who  received  vaccine  showed  significant  HA  antibody 
response  within  two  weeks.  Table  8  shows  the  mean  number  of  tube  rises 
(2-fold  dilutions)  and  geometric  mean  titers.  Although  the  jet  injected 
group  had  the  lowest  mean,  the  differences  are  not  statistically 
significant. 

Carrier  studies  in  this  company  are  shown  in  Table  9.  The 
number  of  group  C  meningococcal  nasopharyngeal  acquisitions  was  too  small 
for  valid  comparisons:  ID  =  l/28,  SC  =  4/23 ;  jet  =  3/30,  controls  =  4/31. 
Only  6  percent  of  men  were  carriers  of  group  C  organisms  at  the  time  of 
the  final  survey.  Two  other  companies  in  the  same  battalion,  A-l-3  and 
B-l-3,  in  the  same  week  of  training  had  group  C  carrier  rates  of  14  percent 
and  31  peroent  respectively.  This  wide  variation  in  group  C  prevalence 
in  different  companies  makes  it  difficult  to  ascribe  to  the  vaccine  the 
low  (6  percent)  rate  in  company  E-5-3  in  which  70  peroent  of  men  were 
vaccinated. 
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Thus,  booster  doses  do  not  always  stimulate  HA  antibody 
production  in  those  few  men  who  fail  to  develop  antibody  after  primary 
injection,  and  booster  doses  do  not  produce  a  secondary  response  in  men 
who  developed  antibody  rise  to  the  primary  inoculation.  Further  studies 
of  the  nonresponders  are  being  considered  to  detect  possible  immunoglobulin 
deficiencies  or  to  measure  immunologic  response  by  some  other  antibody  test. 


4.  The  protective  effect  of  group  C  polysaccharide  vaccine. 

Previous  studies  have  shown  the  general  safety  and  immunogenicity 
in  man  of  the  meningococcal  group  C  polysaccharide.  In  a  small  study  in 
recruits  it  was  shown  that  a  local  pharyngeal  immunity  develops  following 
vaccination  which  protects  against  acquisition  of  the  carrier  state.  To 
demonstrate  the  ability  of  the  vaccine  to  protect  against  overt  meningo¬ 
coccal  disease  was  the  goal  of  the  present  investigation. 

Design  of  the  study:  A  number  of  factors  were  considered 
important  in  the  design  of  the  experiment.  The  relatively  low  attack  rate 
of  disease,  even  during  epidemics,  required  a  very  large  sample  size  in 
order  to  demonstrate  significant  protective  effect.  Thus,  if  the  attack 
rate  was.  4/ 10  ><)/•>  weeks,  3 ,5'JU  men  would  have  to  be  immunized  to  show  a 
Du  pci  ■'•nt  pi\  I'  ■♦ion  and  35,000  vaccinated  recruits  would  be  required  if 
th'  dise-.se  r-"t.  was  0.4/1000/8  weeks. 

A)  Uicr  constraint  was  that  a  limit  be  placed  upon  the  proportion 
f  a  given  population  which  would  be  vaccinated.  If  more  than  20  percent 
,  f  a  group  was  Immunized  it  seemed  probable  that  a  herd  immunity  would 
n  -ult  when  by  there  might  b  too  few  susceptibles  to  maintain  high  rates 
f  tr-uismlss Lun.  A  third  major  factor  was  the  inability  to  predict  when 
r  when  an  opid'-mic  wnud  ovur;  thus,  several  basic  training  centers 
would  hav  t  b  studied  simultaneously.  Random  selection  of  vaccinated 
individuals  w-  s  assured  by  offering  the  vaccine  to  every  fifth  man  on  the 
rv  v'pt  i  >n  rister. 


Lbs  -riptL'n  of  the  study:  Five  recruit  training  centers  were 
selected  (Fort  Dix,  Fort  P  lk,  Fort  Knox,  Fort  Bragg  and  Fort  Lewis)  and 
the  progr-im  befui  in  late  January  1% 9.  Lot  C-6  vaccine  was  used 
initially  -aid  was  replaced  by  Lot  C-7  at  ea 'h  post  except  Fort  Dix. 
Immunizations  were  given  by  jet  injector  apparatus;  occasionally  sub- 
utane jus  (SC)  administration  by  needle  was  used.  At  Fort  Knox  only  SC 
inje  -tion  was  used.  Following  a  period  of  briefing  concerning  the  vaccine, 
volunteers  wen'  immunized  with  Uu*  polysaccharide  vaccine.  They  then 
received  the  mandatory  poliovirus,  tetanus-diphtheria  and  influenza  virus 
va -sines  along  with  tin  meruit;.  who  refused  the  experimental  vaccine  and 
those  who  wen*  nut  ufl't  n*d  it.  Training  cadre  and  dispensary  personnel 
wen  alerted  to  report  uiy  a  In  rse  reactions  to  the  physician  in  charge 
f  the  |  v  >gr-tm. 
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Records:  An  alphabetical  file  card  was  prepared  on  each 
vaccinated  recruit.  In  addition,  reception  rosters  were  marked  to 
indicate  those  who  were  immunized.  A  control  group  equal  in  size  to  the 
number  of  merf  immunized  was  obtained  by  selecting  the  name  which  appeared 
immediately  following  those  who  were  offered  the  vaccine.  This  20  per¬ 
cent  control  group  received  no  placebo  injection;  the  remaining  men  were 
considered  a  60  percent  control  group.  Individuals  who  failed  to  enter 
basic  training  because  of  administrative  reasons  or  because  of  AWOL  were 
subtracted  from  the  totals. 

To  determine  the  percentage  of  vaccinated  men  in  training 
companies,  rosters  from  companies  were  examined  at  intervals  during  the 
study  period. 

Meningococcal  illnesses  were  diagnosed  by  hospital  physicians 
who  were  not  involved  in  the  vaccine  study  and  who  were  unaware  of  the 
individual’s  vaccination  status.  Diagnoses  wer*  confirmed  by  routine 
bacteriological  cultures  of  blood  and  cerebrospinal  fluid,  the  meningo¬ 
coccal  isolates  being  sent  to  Walter  Reed  Army  Institute  of  Research  for 
confirmation.  Serologic  diagnoses  were  performed  by  passive  hemaggluti¬ 
nation  tests  on  acute  and  convalescent  serum  specimens. 

Results:  Tabulation  of  the  total  number  of  men  in  the  vaccine 
group  for  each  post  is  given  in  Table  12.  These  numbers  have  not  been 
adjusted  for  losses,  which  were  small.  No  adverse  reactions  were  noted 
in  the  group  receiving  purified  group  C  polysaccharide.  Immediate  effect 
of  the  meningococcal  vaccine  was  slight  local  discomfort,  which  was  much 
less  severe  than  that  due  to  the  influenza  vaccine. 

Table  13  shows  the  percentage  of  vaccinated  men  in  a  sample  of 
11  training  companies  at  Fort  Dix.  The  percentage  of  immunized  men 
varied  from  13.5  to  24. 

The  number  of  confirmed  meningococcal  illnesses  by  post  and 
vaccination  status  are  given  in  Table  14. 

These  data  Eire  incomplete  in  that  a  large  number  of  men  are 
still  at  risk  (ie  BCT  not  completed).  Fort  Lewis  had  no  cases  in  the 
group  under  study  at  the  time  of  this  report  and,  therefore,  is  omitted 
from  the  table.  Assuming  a  distribution  of  20  percent  of  men  vaccinated 
there  is  a  significant  protection  against  group  C  disease  in  the  immunized 
group. 


The  specificity  of  the  group  C  polysaccharide  vaccine  is 
evidenced  by  the  fact  that  four  group  B  illnesses  occurred  in  the 
vaccinated  men.  Of  interest,  group  B  illnesses  were  more  frequent  In 
vaccinated  men  than  in  controls,  A  possible  explanation  is  that  carrier 
studies  have  shown  that  totEil  meningococcal  carrier  rates  are  similar  in 
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control  and  vaccinated  groups  but  that  group  C  carrier  rates  are  reduced 
in  those  receiving  group  C  vaccine.  Thus,  these  men  are  more  likely  to 
become  exposed  to  group  B  strains  and  may,  therefore,  have  a  higher  risk 
of  group  B  disease. 


Summary  and  conclusions: 

Comparison  of  10,  50  and  100  microgram  doses  of  lot  C-4  vaccine 
shoved  lack  of  HA  antibody  response  in  11  percent  of  men  who  received  the 
low  dose;  geometric  mean  titers  were  also  lowest  in  this  group,  although 
the  figures  were  not  statistically  significant.  Since  the  difference 
between  50  and  100  micrograms  was  minimal  the  50  microgram  dose  will  be 
used  in  subsequent  studies.  Size  of  skin  reaction  following  intradermal 
injection  did  not  correlate  with  HA  response  and  probably  represents  a 
reaction  to  some  material  other  than  polysaccharide. 

When  administered  by  jet  injector  apparatus  local  reactions  to  the 
group  C  vaccine  were  minimal  and  antibody  response,  although  lower,  was 
not  significantly  different  frcm  that  following  intradermal  or  sub¬ 
cutaneous  injection. 

Serologic  studies  on  three  lots  of  group  C  vaccine  show  that  more 
than  95  percent  of  immunized  men  develop  serum  HA  antibody  rise.  Booster 
doses  do  not  appear  to  effectively  stimulate  the  development  of  significant 
antibody  increases. 

Preliminary  results  of  a  large  scale  field  study  involving  more  than 
13,000  vaccinated  recruit  volunteers  in  five  Army  basic  training  centers 
indicate  a  significant  reduction  in  meningococcal  disease  in  men 
receiving  group  C  vaccine.  There  was  no  protection  against  group  B 
disease. 

The  participation  of  the  following  personnel  in  the  field  study  is 
gratefully  acknowledged;  Preventive  Medicine  Office,  0TSG  -  COL  R.  Singer 
and  LTC  J.  Gauldj  Dept,  of  Biologies  Research,  WRAIR  -  Dr.  J.  Lowenthal, 

Dr.  S.  Berman,  Mrs.  P.  Altieri;  Fort  Dix,  New  Jersey  -  LTC  J.  Smith, 

00L  F.  McCaleb,  and  CPT  E.  Allen;  Fort  Polk,  Louisiana  -  CPT  L.  Stickley; 
Fort  Knox,  Kentucky  -  LTC  I.  Hemandez-Fragoso,  CPT  R.  Motly  and  CPT  T. 
Moll;  Fort  Bragg,  North  Carolina  -  LTC  K,  Runcik;  and  Fort  Lewis, 

Washington  -  CPT  C.  Schultz  and  CPT  C.  Weidmer. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00  In-House  Laboratory  Independent  Research 

Work  Unit  181,  Development  of  a  meningococcal  immunizing  agent 

Publications. 

Golds chneider,  I.,  Gotschlich,  E.  C.,  and  Artenotein,  M.  S.  Human 
Immunity  to  the  Meningococcus.  I.  The  Role  of  Humoral  Antibodies. 

J.  Exptl.  Med.  122:1307-26,  1969. 

Golds  chneider,  I.,  Gotschlich,  E.  C. ,  and  Artenstein,  M.  S.  Human 
Immunity  to  the  Meningococcus.  II.  Development  of  Natural  Immunity. 

J.  Exptl.  Med.  129:1327-48.  1969. 

Gotschlich,  E.  C.,  Liu,  T.  Y.,  and  Artenstein,  M.  S.  Human  Immunity  to 
the  Meningococcus.  III.  Preparation  and  Immunochemical  Properties  of 
the  Group  A,  Group  B  and  Group  C  Meningococcal  Polysaccharides. 

J.  Exptl.  Med.  129:1349-66.  1969. 

Gotschlich,  E.  C.,  Golds  chneider,  I.  ,  and  Artenstein,  M.  S.  Human 

Immunity  to  the  Meningococcus.  IV.  Immunogenicity  of  Croup  A  and  Group 
C  Meningococcal  Polysaccharides  in  Human  Volunteers.  J.  Exptl.  Med. 
122:1367-84,  1969. 

Gotschlich,  E.  C.,  Go  Ids  chneider,  I.,  and  Artenstein,  M.  S,  Human 
Immunity  to  the  Meningococcus.  V.  The  Effect  of  Immunization  with 
Meningococcal  group  C  Polysaccharide  on  the  Carrie  -  State. 

J.  Exptl.  Med.  122:1385-95,  1969. 
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(U)  Performance;  (U)  Rhesus  Monkey 

u  nawiCAi  micct.vc.*  It  imuat  it  wmimi  own  mttn  1  w. t,  a 

23.  (U)  To  conduct  a  longitudinal  examination  of  social  experiences  and  genetic 

background  that  will  produce  information  on  crucial  variables  operating  to 
influence  future  performance  and  endocrinological  responses  to  stress. 


24.  (U)  Through  a  multidisciplinary  study  by  three  collaborating  laboratories  of  the 

endocrine  response  and  performance  capabilities  of  a  natural  population  of 
|  rhesus  macaques  with  known  genetic  and  behavioral  histories  and  subjected  to 

•  programmed  stress. 

25.  (u)  68-0G-69  06 

Completion  on  or  about  31  July  69  of  the  four  compounds  and  observation  area; 
training  of  technicians  in  behavioral  observations;  initiation  of  computer 
program  for  longitudinal  data  analysis. 

* 
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Project  3A061101A91C  INHOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00,  Inhouse  Laboratory  Independent  Research 

Work  Unit  182,  Correlation  of  Aggression,  Dominance,  Stress,  Combat 

Defeat  with  Testosterone,  Corticosteroids  and  Performance 


Investigators. 

Principal:  Irwin  S.  Bernstein,  Ph.D. 

Associate:  Robert  M.  Rose,  M.D. ,  Murray  D.  Levine,  Ph.T. 

Description. 

This  study  is  designed  to  correlate  endocrine  responses  with  behavioral 
measures  of  stress  in  non-human  primates.  Social  groups  of  non-human 
primates  are  to  be  established  in  large  outdoor  compounds  with  provision 
for  undisturbed  observation  and  captured  as  required.  This  project 
combines  the  skills  and  experiences  of  the  Department  of  Psychiatry,  HP 
Division,  Walter  Reed  Army  Institute  of  Research,  the  Behavioral  Research 
Laboratory  cf  the  Human  Engineering  Laboratory,  Aberdeen  Proving  Grounds 
and  the  Yerkes  Regional  Primate  Center  to  provide  a  multidisciplinary 
study  of  the  variables  contributing  to  the  performance  and  hormonal 
responses  to  stress.  The  Yerkes  Center  will  provide  a  population  of 
rhesus  monkeys  (macaca  mulatta)  with  known  behavioral  histories  from  the 
time  of  birth  to  fully  mature  adults.  This  population  will  be  developed 
over  several  years  and  will  be  studied  periodically  at  Yerkes,  at  Aberdeen 
and  at  Walter  Reed,  where  appropriate.  In  addition  a  population  of  adult 
monkeys  with  known  social  status  and  quantitatively  measured  social 
relationship  will  be  available  to  correlate  these  measures  with  operant 
performance,  and  endocrinological  response  data.  This  will  be  of  partic¬ 
ular  importance  regarding  hypothetical  relationships  between  hierarchiacal 
position,  aggression,  testosterone  and  future  performance  during  stress. 
Manipulation  of  these  social  groups  will  be  also  used  to  obtain  depressed 
individuals  and  individuals  of  markedly  changed  social  status  to  test  for 
the  influence  of  these  variables  on  endocrine  activity. 

Progress. 

During  the  first  year  facilities  for  conducting  this  research  were  designed 
and  construction  will  be  completed  by  31  July  1969*  Simultaneously  with 
the  provision  of  physical  facilities,  a  behavioral  batteiyhas  been  devel¬ 
oped  to  collect  the  desired  data,  and  technicians  trained  in  the  use  of 
this  battery.  In  addition,  computer  programming  was  initiated  to  organize 
the  very  large  amount  of  longitudinal  data  that  will  be  collected  on  over 
100  animals.  At  Aberdeen  design  and  construction  of  special  metabolism 
cages  was  completed  which  permit  simultaneous  observation  of  the  aggressive 
interactions  of  large  rhesus  monkeys  with  continuous  collection  of  urine. 

At  the  Department  of  Psychiatry,  NP  Division,  WRAIR  a  biochemical  labora¬ 
tory  has  been  completed  which  perform  analysis  of  plasma  and  urinary 
samples  from  the  animals  under  study  for  testosterone  and  cortisol  levels. 
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froject  )AOM  101A91C  IS-UXSE  LABORATORY  IKDEPDiDWT  RESEARCH 


Task  ■  In- Mouse  Laboratory  Independent  Research 

Work  L'nit  19).  Diseases  of  allltary  animals  in  Southeast  Asia 


Invest  i gators 

Ft  Inc  l  pal  HAJ  0  L .  khaeoll.  VC 

Associate  Dr  L.  X.  linn.  B».D.  .  HAJ  f.  K.  Hi ldebrandt ,  VC; 

COL  R.  H.  Mime,  VC.  COL  S  .  C.  Aiblll.  VC.  CPT  J.  C. 
Levis.  1C.  HO  D  C.  leller.  VC.  1.  E.  Hama  1 1  ,  A.B., 
A.  B.  Varner,  Jr 


amiLFUQ** 

To  define  study.  diagnose  and  control  known,  potential,  and  unknown 
infectious  ilaeaaea  of  allltary  doge  la  Southeast  Asia.  Initial 
>  on*  l  <ler  at  i  oe  See  been  given  to  invest  Iget  Ion  of  infectious  diseases 
«ffectia«  ellltary  aniael*  in  Southeast  Asia.  Studies  include  the 
epidemiology  pa  t  hogenee  1  •  .  and  control  of  infectious  diseases  of  known 
end  aaSa  ie»  etiology 


i  j—uMiii  hiiMi  ai  flLiiiAD  hn  ir?  toatm  Mil-  **  lt44 

sa  epiiMiii  ef  a  highly  fatal  UmurrMsU  dlasaas  occurred  in  U  S. 
ellltary  dogs  la  Southeast  Asia  To  data,  ever  100  fatal  casta  are 
taw  to  base  occurred.  TVs  diaeaaa  appears  to  be  the  same  as  that 
Seer  aed  la  hr  1 1 1  eh  allltary  dogs  la  llsgapots.  Tha  disease  has  been 
called  "Tree  bar  £hg  Disease"  "Idiopathic  (pletaals*  .  **Cenlne  laorrba|l 
Fever*  “Tropical  (.ante*  Fsm  y  t  open  li'  set  "Idiopathic  Hemorrhagic 
iielr<ms*  a  » mot rhag u  diaeaaa  reaemfbllng  the  dlaeaee  la  Soul heee t 
Asia  bet  bew  sheer  sed  ales  la  ftsech  ellltary  dogs  la  Tunisia. 

s  The  Dlaeaee  f  llnaaeore  The  disease  wet  flret  encountered 
lets  is  Ike)  at  the  I  A  F  Station  Chang  l .  Singapore  and  la  1H4 
st  the  1  uvrhha  Dug  loapasi,  lings  poet.  TV#  mortality  rata  was  high 
m  army  sal  •  a  F  dogs  during  IH*  In  tha  early  part  of  IH), 
there  wet  tn  apparent  decrease  la  the  aoebldlly  of  the  coesdltloa.  but 
this  was  foil jws 4  by  en  tests  flere-up  m  Septamher  IH)  Istveea 
ioptemher  IH1  end  1H)  a  large  negater  of  dogs  died  or  were 

destroyed  bectuet  of  tbs  dlaeeso  CVllbme  J.  H  ot  el  Vet  Rec 
p  17  July  •  1**7 )  fc>tb  ellltary  and  civilian  dogs  have  been 

af  fee  ted 

For  tbe  n>sl  part,  tbs  clinical  end  pathological  features  of  the 
disease  m  Sisygapors  are  tha  same  as  those  observed  in  II.  1  military 
dogs  in  lout  Sea  s  t  Asia  Hac  Yean  (Heleytlen  Lanas  1  Review  ho  bb , 
Dsctabsi  1MI)  has  reported  that  the  incidence  ot  disease  among 
Alsatians  appear s  to  be  higher  then  for  any  other  breed  of  dogs  and 
purebred  dogs  seam  to  be  affected  nx«  often  than  local  elaed  breads 
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«iM  i«lUl«r  )i«Ulfiail<a  i  m  «a*  •  k  1  of  na«  r  o,  1  arterioles  aivj 
.ajt  1  iaiui  eadoth#  1  tal  aaJ  perith.el.sl  proliferation.  m4  lytafhocytlc 
jt  f  U>aa  iiu  lafilttetioa  e  r  Mai  etMiMlie  TVr  at  1  e  t  e  of  artarlolaa 
■ei  eleo  f.<o>d  la  liter  loite  trie**  e*d  a>«  arilwa 

tXlHeeee  of  ileeeee  ..«mroidal  to  periude  of  latietet  ion  with  (Mia. 
tllaiaet  i>*  of  luti  .oalidllal  t ».«  J lessee 

fe^erooe  a(t«r<i  mere  »e !  e  to  Molat  1  tM  et  10I04M  a|««t  SlMi 

l  a  1 1  lua  an  i  a  ,4  •  fwaa*4  la  a  large  ■  1  f  of  >a»ei  and  la  known  to  attack 

(he  veecwler  aai  re  1 «  ,  l  ,«»■*■■  t  t-a  l  1  a  l  eyelaa  tkie  organ  la*  wet  con* 

1  l ie  1  al  the  poeelble  ellologli  a|«  I  of  Ike  dleeeee 

TV,  n  (M  ii  oaeirtei  that  la  order  for  e  <04  to  1  1*1  r  at  t  the  disease 
it  «**at  Ilia  la  T«*>ieie  for  a  (I  >aa  length  of  tiiae  usually  ala  aooth* 
to  -ae  tear  W,t  I  a,  t  1 44a  loader 

‘  hltm  ill  ?.  JULlifcLl  fat!  tKorina  1*1*  i***  *«r»y 

1  *a  J  ike  t  i  .  uwi  for  1  has  ad  epp  r  ue l ae l e  1 »  >0  UkraJor  breed 
"Tracker'  <044  tra  (ke  kettle*  irai  t«  Maleie  rheas  4o(i  were 
shipped  to  ko«tk  fletaaa  for  ailltery  vie  Within  a  few  aonthe  after 
their  arrioal  la  South  Vialaaa  several  of  theee  do|«  drvelopad  disease 
>kete«te(iia4  k  1  splat  as  it  Uephadmopetlii  ,  and  corneal  opa  .  ty. 
Uturatery  teele  letMled  aiaarla  aial  elevated  blood  urea  nitrogen. 

TVa  flrat  re-c  (Tiled  Jaathe  11.  tear  Ma«  origin  i>enan  Shepherd  type 
ailltery  h|e  incurred  in  aid  -  Sept  carter  l»l.  Utroapcci  lvc  studies 
of  taae  ref-tte  eh«n»  that  there  we  a  a  death  strongly  »uepM  loot  of 
the  heaaor  rKagu  disease  on  ■*  July  1  Vt>8  and  another  on  August  1968. 

T>  e  dieeeaa  hae  occurred  in  at  lc^at  Arm  unite.  Air  force  and 
ferine  unite  are  a !  eo  involved 

TVa  Jleeaee  wee  reported  to  have  been  found  In  the  non-el  lllary  dog 
population  in  Vietnaa  alerting  in  January  1969.  laaei  have  also  been 
reported  m  Al/k  (Arm  of  kep-ubiic  of  Victnaii)  niluarv  doge  with 
aevaral  deathe  to  date. 
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The  tick  appears  to  be  intimately  associated  with  the  disease.  Outbreaks 
and  peak  incidence  have  corresponded  to  periods  of  severe  tick  infesta¬ 
tions  . 

In  most  instances,  the  dog  is  presented  with  unilateral  or  bilateral 
epistaxis  with  no  report  of  prior  clinical  signs.  The  dog  may  die 
within  one  day  of  the  onset  of  hemorrhage,  although  the  average  is  five 
to  seven  days.  Some  dogs  survive  this  phase  and  become  "chronic"  cases. 

Based  on  studies  of  normal  dogs  in  Vietnam,  an  arbitrary  rule  of  thumb 
has  been  used  to  classify  any  dog  with  a  WBC  of  less  than  7,000  and/or  a 
hematocrit  of  less  than  407.  as  a  "suspect".  A  high  percentage  of  dogs 
which  consistently  exhibited  such  findings  have  succumbed  to  the  disease. 

d.  Clinical  Findings.  The  most  frequently  observed  signs  are 
epistaxis,  loss  of  weight,  posterior  weakness,  vomition  and  dehydration 
in  some  chronic  cases,  lethargy,  ecchymotic  hemorrhages  especially  on 
the  abdomen  and  between  the  toes,  anemia,  edema  of  limbs  and  scrotum, 
and  petechial  hemorrhages  on  the  penis. 

Hematologic  examinations  have  revealed  a  normochromic,  normocytic  anemia. 
In  many  instances,  there  is  also  a  severe  leucopenia  with  white  blood 
cell  counts  falling  below  500.  In  chronic  cases,  BUN  and  creatinine 
levels  may  be  elevated.  Also,  some  dogs  have  shown  an  increase  in  SG0T 
and  alkaline  phosphatase  levels.  Coagulation  time  is  normal,  but 
bleeding  time  is  greatly  prolonged.  The  sedimentation  rate  is  accel¬ 
erated  in  some  cases. 

Examination  of  clinical  records  has  revealed  that  the  disease  may 
commence  with  a  febrile  episode  of  one  to  four  days  duration  accompanied 
by  a  moderate  leucopenia.  At  this  time,  the  dog  may  be  lethargic  and 
lack  stamina.  In  most  instances,  there  is  also  an  unexplained  weight 
loss.  Following  this  the  dog  becomes  clinically  normal,  although 
hematologic  examination  discloses  a  variable  WBC  and  anemia.  Epistaxis 
and  severe  anemia  or  leucopenia  appear  approximately  90  days  following 
the  initial  febrile  episode,  although  this  interval  may  vary  greatly. 

Plasma  specimens  from  cases  in  Southeast  Asia  have  been  examined  for 
all  known  clotting  factors  by  LTC  Tuthill  of  the  Coagulation  Labora¬ 
tory,  Department  of  Hematology,  WRAIR.  No  abnormalities  were  observed. 

Serum  electrophoresis  studies  were  made  on  sera  from  affected  dogs  by 
Dr.  Beisel  at  the  U,  S.  Army  Medical  Unit,  Fort  Detrick,  Maryland.  In 
general,  the  electrophoretic  patterns  were  characterized  by  an  incre..  c 
in  gamma-globulins  and  a  decrease  in  alpha-l-globulins  and  albumin. 

The  beta  and  alpha-2  fractions  were  usually  normal,  but  in  a  few  cases 
were  increased.  Serum  glycoprotein  determination  revealed  an  increase 
in  gamma-glycoglobulin  and  a  decrease  in  the  alpha-l-glycoglobulin  and 
albumin  fractions.  The  increased  gamma-globulin  levels  suggest  that 
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the  disease  was  diagnosed  after  the  acute  Immunologic  response  had 
occurred.  Based  on  seriun  electrophoretic  studies  made  in  human  in¬ 
fections,  Dr.  Beisel  suggested  that  the  disease  might  be  viral  as 
opposed  to  bacterial. 

Sera  from  affected  dogs  have  been  serologically  tested  with  numerous 
rickettsial  antigens  by  Dr.  HI i sberg  of  the  Department  of  Rickettsial 
Diseases,  WRAIR.  Antibody  was  not  demonstrated  in  any  of  the  sera 
exami  tied . 

Serum  specimens  are  also  being  tested  serologically  for  antibody  to 
numerous  viruses.  These  tests  have  not  been  completed.  Antibody  to 
Uroup  B  arboviruses  has  been  demonstrated  in  some  sera  with  the  HI 
test  (Brandt,  W.,  Department  of  Virus  Diseases,  WRAIR);  however,  these 
results  may  not  be  significant,  since  Japanese  encephalitis  virus 
which  is  found  in  tills  area  is  known  to  infect  dogs. 

e.  Pathology  Studies.  In  January  1969,  the  Walter  Reed  Army 
Institute  of  Research  was  requested  to  send  a  team  to  Southeast  Asia 
to  investigate  this  outbreak.  Tills  provided  an  opportunity  to  make 
intensive  post  mortem  examinations  and  collect  specimens  for  histo- 
pathologlcal  examination.  In  addition,  tissues  from  other  cases  in 
Southeast  Asia  were  collected  at  necropsy,  fixed  in  107.  formalin  and 
shipped  to  t lie  Department  of  Veterinary  Pathology,  Division  of 
Veterinary  Medicine.  To  date,  over  50  cases  have  been  examined  and 
macroscopic  and  microscopic  findings  have  generally  been  consistent. 

There  is  usually  evidence  of  weight  loss,  rough  hair  coat,  and  a 
focal  area  of  moist  dermatitis  maybe  present  somewhere  on  the  body. 

There  may  be  swelling  of  some  portion  of  one  or  more  limbs.  Blood 
often  oozes  from  nostrils.  A  few  cases  have  corneal  opacity. 

On  primary  incision,  thin  watery  blood  will  ooze  from  cut  vessels. 
Subcutaneous  edema  and  hemorrhage  account  for  the  swelling  noted  on 
limbs  . 

Lymph  nodes  throughout  the  carcass  are  somewhat  swollen  and  rusty  to 
dark  brown  in  color,  the  color  change  being  more  prominent  in  the 
medullary  areas.  Some  nodes  are  hemorrhagic  and  the  hemorrhage  appears 
to  be  of  recent  origin. 

There  are  petechial  to  ecchymotic  hemorrhages  in  various  organs,  most 
consistently  on  serosal  and  mucosal  surfaces  of  the  urinary  bladder, 
the  prostate,  and  the  testicle.  The  gastrointestinal  tract  often  has 
small  focal  hemorrhages.  In  some,  these  may  be  rather  diffuse  (paint¬ 
brush  hemorrhage).  The  colon  usually  contains  dark  bloody  feces. 

The  spleen  is  normal  in  size  and  color;  however,  the  consistency  is 
somewhat  firmer  than  usual. 

The  liver  is  light  tan  in  color.  Size  is  within  normal  limits.  Lobules 
are  often  more  discernable  than  usual. 
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Kidneys  are  pale  to  tan  in  color,  often  with  petechial  hemorrhages  near 
the  cortico-medullary  junction. 

A  common  finding  in  the  thoracic  cavity  is  petechial  hemorrhages  on  the 
parietal  pleura  and  a  few  petechiae  on  the  surface  of  the  lungs. 

There  are  often  hemorrhages  in  the  tonsils  and  the  mucosa  of  the  naso¬ 
pharynx  . 

In  dogs  with  epistaxis,  a  large  blood  clot  is  present  in  and  among  the 
nasal  turbinates. 

f.  Microscopic  Pathology.  The  most  prominent  and  consistent  change 
is  a  plasmacytosis  in  most  organs,  the  extent  and  intensity  increasing 
with  a  prolonged  course  of  illness. 

There  is  a  varying  degree  of  hemorrhage  in  the  subepicardial  and  endo¬ 
cardial  areas  of  thd  heart.  Occasionally,  a  few  extravasated  red  blood 
cells  are  noted  between  myocardial  fibers.  Small  blood  vessels  are 
cuffed  with  mononuclear  cells,  the  majority  being  plasma  cells.  This 
cuffing  is  more  common  near  the  endo  ardial  and  epicardial  surfaces. 

In  one  case,  a  focal  disseminated  non -suppurative  myocarditis  was 
observed.  Numerous  small  foci  of  necrotic  and  degenerated  myocardial 
fibers  with  aggregates  of  mononuclear  cells  were  scattered  throughout 
the  myocardium. 

There  have  been  few  changes  observed  in  the  lung,  although  focal  areas 
of  hemorrhage  have  been  observed  in  some  cases  and  also  r  •:.'>1  areas  of 
vasculitis.  This  vasculitis  consists  of  focal  subendotl  .  \nfiltra- 
tion  of  mononuclear  cells  mixed  with  dead  and  degenerat  t  ,>  ymorpho- 
nuclear  cells.  Occasionally,  this  inflammatory  focus  >  ^nds  into  the 
media  and  is  associated  with  a  fibrinoid  necrosis.  There  may  be  a 
mononuclear  cell  accumulation  about  small  and  medium  sized  blood 
vessels.  The  congestion  and  edema  seen  in  some  lungs  may  well  be  a 
post  mortem  change. 

The  liver  has  a  rather  consistent  change  of  varying  intensity  in  the 
central  lobular  area.  In  its  mildest  form  it  consists  of  hepatic  cell 
degeneration.  In  more  severe  cases,  the  hepatic  cell  population  in 
the  central  lobular  area  is  reduced,  the  space  occupied  by  dilated 
sinusoids  and  a  condensation  of  residual  reticular  tissue  or  an 
increased  amount  of  fibrous  tissue.  There  may  be  a  superimposed  acute 
central  lobular  coagulative  necrosis  involving  1/4  to  1/2  of  the  lobule. 

The  Kupffer  cells  may  be  moderately  increased  in  number  and  often 
contain  a  yellowish-brown  pigment  interpreted  as  hemosiderin.  There 
may  be  a  mild  periportal  infiltrate  of  plasma  cells 

In  only  one  case  were  changes  observed  in  the  adrenal  glands.  In  this 
case,  a  plasma  cell  infiltrate  was  present  in  the  subcapsular  area  and 
several  focal  areas  of  necrosis  were  present  in  the  cortex. 


» 


The  kidneys  have  r>  varying  degree  of  n  >ii'nu'  I**;  r  1  "I!  ini  1  1  r  •’  ?  >• 
consisting  primarily  of  plasma  cells.  This  is  n«'st  intense  in  the 
cortico-medullary  area  surrounding  blood  vessels  and  snbcapsu l.ar  veins. 
This  infiltrate  partially  or  completely  surrounds  many  glomeruli. 

No  ante  morte  1  changes  love  been  noted  in  tubular  epitliell.  I  cells. 

Many  tubules  often  have  a  proteinaceous  appealin’,  matetial  in  th<»  lumen. 

Occasionally,  glomeruli  appear  to  lu’ve  thickened  capillary  ufts.  This 
is  more  prominent  in  chronic  cases.  The  tracker  d  >gs  whi  h  in;e  been  ill 
for  several  routlr-  have  severe  glomerulosclerosis. 


The  gastrointestinal  tract  has  varying  degrees  of  hemorrhage  in  the 
lamina  propi  .a  of  the  mucosa  or  in  the  submuc-sa.  Occasional  small 
vessels  will  have  a  small  aggregate  of  plasma  cells  at  their  periphery. 

The  pancreas  is  not  remarkable.  In  an  occas ’ onnl  dog,  the  supporting 
connective  tissue  stroma  will  be  infiltrated  with  plasma  culls. 


The  urinary  bladder  often  has  focal  areas  of  hemorrhage  in  the  sub¬ 
mucosa,  sometime  extending  between  fibers  of  the  muscular  l.-’.v«>r. 

Blood  vessels  wil.1  occasionally  hayc  a  rw'r  t>  f  plaar.in  cells. 

The  testicle  and  prostate  often  have  small  focal  bemorih  -es  ’-onfined 
to  the  connec'.ive  tissue  st  oma.  Tloema  coll  infiltrate  ire  present 
in  the  stroma  only  and  more  numerous  about  blood  vessels.  Mo  changes 
of  the  glandular  parenchyma  have  been  obs-  ’  vet. 

No  parenchymal  changes  have  been  noted  in  th -  thyroid  an.'  pituitary 

glands;  how°vr: ,  plasma  cell  infiltration  .mv  ho  pro . it  'n  the 

connective  tissue  copse  » . :•> 

In  the  spleen,  sole"  p  r  are  present  but  not  numerous  and  are 

not  particul  r -  <’  act  .  7  t.  i.ito  lymphocytes  ere  observed.  There 

is  an  increased  nuri.'ie  >  >  -.1.1 .  ey  >.l  at  the  periphery  of  the  corpuscle 

and  throughout  .  •  '  >1  .  »  <  „•  v  he  derate  bn  .os  i  derosi  s. 


Most  lymph  n :  c  «.»  •  >  i  t  ul!  t  y  sinuses  v  th  evidence  of 

active  phage  ; .  •  i.s  ...  n  At  I  <:  rphei -r  the  node, 

follicles  th  >u,;l  pi'-’.ien.  . -r  •  not  ,>,.1  ,  •  ui  .  ly  m,inct.oi  ■  nor 
particular!  v  t.  ve,  Puc  t.  ,.n  f;'  if  -i  l.ynnir  ytr  Many  plasma 

cells  are  pce.o  rut ,  o:> yec La]  ey  ir..  th.’  , ■  '  ev- .'cvi. <■>•.  and  r.edul  lary  areas. 
Hemosiderosl..  is  qui  •.*  promi nei.t  n  1,0;,  The  ,  .  *.*t  of  blood 

is  variable  :n  a  1  case  ,-u.c.  •.  ; 1  •. 
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and  malacia  with  gitter  cells  and  are  found  most  often  in  the  mid-brain 
and  brain  stem. 

There  is  often  a  cuff  of  plasma  cells  surrounding  vessels  in  the  retina 
and  sclera  of  the  eye.  A  few  eyes  have  had  posterior  retinal  hemorrhages. 

The  subcutaneous  lesions  consist  essentially  of  edema  and  extravasated 
red  blood  cells  and  a  few  mononuclear  inflammatory  cells. 

The  cell  population  of  the  bone  marrow  is  depressed  with  the  myeloid 
elements  most  severely  affected.  Megakaryocytes  are  reduced  in  numbers 
and  in  some  cases  are  not  recognized. 

Muscular  tissue  is  consistently  normal. 

g.  Transmission  Jtudies.  Tissues  for  transmission  studies  were 
received  from  eight  dogs  which  died  in  Southeast  Asia  with  typical  signs 
of  the  hemorrhagic  disease.  These  tissues  were  collected  aseptically 
during  necropsy  examinations  and  were  shipped  on  dry  ice  or  in  liquid 
nitrogen.  Tissues  were  also  received  from  one  dog  with  a  fever  of  un¬ 
determined  origin  (FUO).  In  addition,  fresh  whole  blood  specimens  from 
11  dogs  wiuh  hemorrhagic  disease  were  shipped  from  Southeast  Asia  at 
4°  C.  One  of  the  blood  specimens  was  collected  from  a  dog  (Honda) 
which  developed  signs  of  the  disease  after  beir.g  inoculated  intravenously 
with  blood  from  a  natural  case. 

Twenty  percent  tissue  suspensions  were  prepared  in  veal  infusion  broth 
with  0.57.  bovine  albumin.  Antibiotics  were  not  used.  Suspensions  were 
cultured;  however,  no  significant  bacterial  isolations  were  made.  All 
whole  blood  specimens  shipped  at  4°  C  were  inoculated  into  dogs  im¬ 
mediately  upon  receipt  in  the  laboratory. 

Beagles  14  to  16  weeks  of  age  were  used  for  transmission  studies.  All 
materials  were  inoculated  intraperitoneally  with  the  exception  of  fresh 
whole  blood  which  was  inoculated  intravenously.  To  facilitate  examina¬ 
tion  of  large  numbers  of  tissues,  some  inocula  consisted  of  pools  of 
tissue  suspensions.  Two  dogs  were  inoculated  with  each  inoculum. 

Following  inoculation,  the  dogs  were  examined  and  rectal  temperatures 
recorded  twice  daily.  Hematologic  examinations  including  hematocrit, 
hemoglobin,  wbc,  differential,  and  erythrocyte  sedimentation  rate 
were  made  daily.  Twice  weekly,  throat,  nasal  and  rectal  swabs,  and 
blood  were  collected  and  preserved  for  virus  isolation.  Other  tests 
performed  twice  weekly  included  BUN,  SGPT,  coagulation  time  and 
prothrombin  time.  Serum  specimens  were  collected  and  frozen  weekly.  In 
later  studies,  the  daily  hematologic  examinations  were  reduced  to  three 
per  week. 

Isolation  attempts  were  also  made  in  suckling  mice  less  than  48  hours 
old.  The  mice  were  inoculated  intracerebrally  with  0.02  ml  of  inoculum 
and  intraperitoneally  with  0.05  ml.  Two  litters  were  inoculated  with 
the  207,  tissue  suspension  and  to  overcome  any  possible  interference, 
two  litters  were  also  inoculated  with  a  1%  suspension.  If  no  signs  of 
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disease  occurred,  several  mice  from  each  litter  were  harvested  10  days 
post  inoculation  for  blind  passage.  All  mice  which  died  or  developed 
signs  of  disease  were  harvested  and  passed.  All  suckling  mice  were 
observed  for  21  days. 

Weanling  mice  were  also  inoculated  with  20%  and  1%  tissue  suspension. 
Each  of  five  mice  was  inoculated  intracerebrally  with  0.03  ml  and  intra- 
peritoneally  with  0.1  ml  of  inoculum.  Weanling  mice  were  observed 
closely  for  signs  of  disease  for  30  days. 

Twenty  percent  tissue  suspensions  containing  1,000  units  of  penicillin 
and  1  mg  of  streptomycin  per  ml  were  inoculated  into  cell  cultures  of 
primary  dog  kidney  and  thymus,  Walter  Reed  continuous  canine  cell  line, 
the  Madin-Darby  canine  kidney  cell  line,  baby  hamster  kidney  (BHK21) 
and  Vero  monkey  kidney  cell  line.  The  cultures  were  examined  for  14 
days  at  which  time  they  were  passed. 

To  date,  there  has  been  no  evidence  of  transmission  of  the  disease  to 
laboratory  beagles  inoculated  with  tissue  suspensions  prepared  from 
frozen  tissue  shipped  to  the  laboratory.  This  is  based  on  the  lack  of 
any  evidence  of  disease  in  inoculated  dogs  during  a  60  days  observation 
period  and  the  failure  to  demonstrate  any  lesions  in  the  inoculated 
dogs  at  necroj  y. 

In  addition,  io  agent  has  been  recovered  in  cell  cultures  inoculated 
with  tissue  suspensions  prepared  from  frozen  tissue. 

Two  isolations  have  been  made  in  suckling  mice  inoculated  with  tissue 
suspensions  prepared  from  frozen  tissues  of  two  different  dogs  from 
Vietnam.  Both  isolates  produced  cytoplasmic  inclusions  in  neurons  of 
mice  inoculated  intracerebrally.  The  agents  produced  CPE  in  primary 
dog  kidney  and  KHK21  cells  with  large  cytoplasmic  inclusions  which 
fluoresced  green  when  stained  with  acridine  orange  and  examined  in 
U.V.  light.  The  two  isolates  hemagglutinate  human  "0"  cells  and  are 
resistant  to  ether  and  chloroform.  These  agents  had  the  chemical  and 
biological  characteristics  of  Reovirus  and  Reovirus  type  III  antiserum 
inhibited  hemagglutination  of  the  isolates  to  one- fourth  the  homo¬ 
logous  titer.  No  cross  reactions  were  observed  with  Reovirus  type  I 
and  II. 

The  two  suckling  mouse  agents  were  probably  recovered  from  the  mice 
used  in  the  isolation  studies.  This  is  based  on  the  fact  that  antibody 
to  the  agents  and  Reoviruses  type  I,  II,  and  III  could  not  be  demon¬ 
strated  in  the  sera  of  dogs  inoculated  with  the  same  tissue  suspensions 
used  to  inoculate  the  mice.  Furthermore,  dogs  which  have  developed 
signs  of  disease  following  inoculation  with  fresh  whole  blood  specimens 
and  are  described  below  did  not  develop  antibody  to  the  suckling  mouse 
agents  or  Reoviruses  type  I,  II,  and  III. 
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Transmissible  agents  have  been  recovered  from  fresh  whole  blood  specimens 
from  two  cases  in  Southeast  Asia.  One  specimen  was  collected  from  a 
dog  (Honda)  which  had  been  previously  inoculated  intravenously  with  blood 
from  a  natural  case  in  a  sentry  dog.  Approximately  five  days  post 
inoculation,  Honda  became  febrile  and  a  drop  in  white  blood  cells  was 
noted.  The  blood  specimen  submitted  to  this  laboratory  was  collected 
in  citrate  39  days  post  inoculation.  One  hundred  ml  of  blood  was 
inoculated  intravenously  into  dog  A25.  Five  days  post  inoculation, 
dog  A25  became  febrile  and  a  drop  in  packed  cell  volume  and  leukocytes 
was  observed.  This  was  accompanied  by  an  acceleration  in  sedimentation 
rate.  The  dog  then  appeared  to  return  to  normal;  however,  the  signs 
reappeared  approximately  12  days  post  inoculation  and  persisted  for 
three  weeks  (Fig  1) . 

During  this  time,  the  dog  showed  a  marked  loss  of  weight.  Temperature 
and  sedimentation  rate  then  returned  to  normal  although  the  dog  remained 
anemic.  At  50  days  post  inoculation,  the  dog  appeared  to  be  recovering 
from  the  anemia.  This  dog  has  been  followed  for  120  days.  At  65  days 
post  inoculation,  it  appeared  to  relapse;  however,  at  present  it  is 
clinically  normal  and  hematologic  studies  reveal  no  abnormalities. 

Babesia  was  identified  in  the  blood  of  the  dog. 

At  33  days  post  inoculation,  40  ml  of  blood  was  collected  in  citrate 
from  dog  A25  and  each  of  four  dogs  was  inoculated  intravenously  with 
10  ml  of  the  blood.  All  dogs  became  febrile  and  hematologic  studies 
revealed  an  accelerated  erythrocyte  sedimentation  rate,  a  drop  in 
leukocytes,  and  anemia.  This  is  illustrated  in  Fig  2  using  dog  A47 
as  a  typical  example. 

Since  Babesia  was  identified  in  dog  A25  and  subsequent  passages,  the 
effect  of  an  antibabesial  drug  on  the  course  of  tV’"  disease  was 
examined.  Four  dogs  were  used  in  the  study.  T  Qs  were  given 
Berenil  (Farbwerke-Hoechst  Ag)  at  the  rate  of  0.25  mg  per  kg  of  body 
weight  two  days  preinoculation  and  continued  seven  days  post  inocula¬ 
tion.  All  four  dogs  were  inoculated  with  10  ml  of  blood  collected  55 
days  post  inoculation  from  dog  A25.  All  four  dogs  developed  the  usual 
signs  of  disease  including  fever  and  marked  loss  of  weight.  Laboratory 
studies  revealed  an  elevated  erythrocyte  sedimentation  rate  and  a  drop 
in  leukocyte  and  anemia.  However,  the  onset  of  signs  differed  in  the 
treated  and  untreated  groups.  The  untreated  group  became  febrile 
three  to  four  days  post  inoculation  while  in  the  treated  group  no 
evidence  of  disease  occurred  until  15  days  post  inoculation.  Babesia 
were  identified  in  the  blood  of  the  untreated  dogs;  whereas,  Babesia 
could  not  be  demonstrated  in  the  treated  dogs.  These  findings  served 
to  suggest  that  an  agent  other  than  Babesia  may  be  involved. 

The  Honda  isolate  which  was  first  recovered  in  dog  A25  has  undergone 
four  successful  passages  in  laboratory  beagles.  Signs  of  disease 
and  laboratory  findings  have  been  similar  in  all  passages. 
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Fig.  1  Fluctuations  in  body  temperature,  leukocyte  count, 
packed  cell  volume,  and  erythrocyte  sedimentation  rate  of 
dog  A- 2 5  following  inoculation. 
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Fig.  2  Fluctuations  in  body  temperature,  leukocyte  count, 
pecked  cell  volume,  and  erythrocyte  sedimentation  rate  of 
dog  A-47  following  inoculation. 
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A  Hisease  similar  to  that  produced  by  the  Honda  isolate  has  also  been 
produced  in  a  laboratory  beagle  inoculated  with  whole  fresh  blood  from 
a  chronic  bleeder  (Schatzie  2A69) .  The  10  ml  blood  specimen  was  shipped 
at  4°  C  and  upon  receipt  in  the  laboratory  was  inoculated  intravenously 
into  a  laboratory  beagle  (A39) .  Twenty  days  post  inoculation,  this  dog 
became  febrile  and  laboratory  studies  revealed  an  accompanying  accelera¬ 
tion  in  erythrocyte  sedimentation  rate  and  a  drop  in  leukocytes  and 
packed  cell  volume  (Fig  3).  The  dog  remained  febrile  for  approximately 
seven  days  and  at  50  days  post  inoculation  there  was  evidence  that  the 
dog  was  recovering  from  the  anemia.  This  isolate  has  also  been  success¬ 
fully  passed  four  times  in  laboratory  beagles.  On  second  passage,  the 
incubation  period  was  reduced  from  20  to  10  days  (Fig  4);  however,  a 
further  reduction  in  incubation  did  not  occur  in  third  passage  (Fig  5). 
The  signs  of  disease  and  hematologic  findings  in  second,  third,  and 
fourth  passages  were  essentially  the  same  as  in  the  original  passage. 

Babesia  have  not  been  observed  in  blood  smears  of  any  dogs  inoculated 
with  the  Schatzie  isolate,  although  numerous  blood  smears  stained  with 
Giemsa  and  Acridine  orange  have  been  examined. 

The  Honda  isolate  has  an  intubation  period  of  five  days;  whereas,  the 
incubation  period  of  the  Schatzie  isolate  is  ten  days.  The  presence 
of  Babesia  in  the  Honda  material  may  account  for  the  difference  in 
incubation  period.  The  signs  of  disease  produced  by  the  two  isolates 
are  essentially  the  came. 

Impressions  made  from  lung  tissue  at  post  mortem  examination  of  dogs 
inoculated  with  either  the  Honda  or  Schatzie  isolates  contained  mono¬ 
nuclear  cells  with  large  cytoplasmic  inclusions.  These  inclusions 
appear  to  consist  of  aggregates  of  small  elementary  bodies  and  are  also 
present  in  lesser  numbers  in  mononuclear  cells  of  the  spleen  and 
kidney.  Attempts  to  transfer  material  of  known  infectivity  to  other 
host  systems  are  still  in  progress. 

2.  Evaluation  of  Chemoprophylactics  for  Control  of  Heartworm  and 
Hookworm  in  Military  Dogs.  Anclyostomiasis  (hookworm  infestation) 
and  Dirofilariasis  (heartworm  infestation)  are  serious  problems  in 
military  dogs  in  CONUS  and  Vietnam.  At  Fort  Benning,  Georgia,  where 
scout  dogs  are  trained  for  duty  in  Vietnam,  hookworm  ova  have  been 
demonstrated  in  as  many  as  70%  of  the  dogs.  The  incidence  of  micro- 
filariasis  varies.  In  some  instances,  microfilaria  of  Dirofilaris 
immitis  have  been  demonstrated  with  a  Knotts'  test  in  10%  of  the  dogs. 

Treating  dogs  for  hookworm  and  heartworm  infestations  poses  several 
problems.  Animals  to  be  treated  may  be  debilitated  and  may  succumb  to 
secondary  bacterial  or  viral  infections.  Damage  caused  by  heart- 
worms  to  the  heart  and  pulmonary  vessels  may  be  irreparable,  and  the 
treatment  itself  may  require  four  to  six  weeks.  Prophylaxis  seems  to 
be  the  best  answer  to  the  problem. 
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Fig.  3  Fluctuations  in  body  temperature,  leukocyte  count, 
packed  cell  rolume,  and  erythrocyte  sedimentation  rate  of 
dog  A-39  following  inoculation. 
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Fig.  4  Fluctuations  in  body  tenperature,  leukocyte  count, 
packed  cell  volume,  and  erythrocyte  sedimentation  rate  of 
dog  A-40  following  inoculation. 
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Fig.  5  Fluctuations  in  body  temperature,  leukocyte  count, 
packed  cell  volume,  and  erythrocyte  sedimentation  rate  of 
dog  A-69  following  inoculation. 
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Diethylcarbamazine  (CARICIDE)  has  been  shown  to  be  an  effective  pro¬ 
phylactic  for  heartworm  infestation  (G.  S.  Tullock,  et  al.  Report  from 
School  of  Aerospace  Medicine,  Brooks  Air  Force  Base,  1968).  Styryl- 
pyridinum  (STYRID),  developed  by  t:he  American  Cyanamid  Company,  has 
been  shown  to  be  effective  in  control  of  hookworm  infections  and  can  be 
used  prophylactically  by  daily  administration.  A  STYRID-CARICIDE 
combination  is  available  from  the  American  Cyanimide  Company  in  limited 
quantities  for  experimental  studies  and  field  trials.  This  combination 
is  purported  to  control  hookworms,  roundworms,  and  heartworms.  Co¬ 
operative  studies  were  established  at  Fort  Benning,  Georgia  to  test  the 
efficacy  of  STYRID-CARICIDE  in  military  dogs. 

One  training  unit  of  88  dogs  was  divided  into  two  groups.  Forty-two 
dogs  were  placed  on  daily  doses  of  200  mg  STYRID  and  400  mg  CARICIDE 
(diethylcarbamazine  citrate)  in  tablet  form.  The  remaining  46  dogs  in 
the  unit  were  not  treated. 

Another  unit  of  50  dogs  was  divided  into  two  groups  to  evaluate  the 
efficacy  of  the  drugs  when  administered  in  liquid  form  daily  in  the  feed. 
Of  the  50  dogs,  30  were  treated  daily  with  7  cc  of  STYRID-CARICIDE 
Oral  Liquid,  which  contained  524  mg  styrylpyridinum  and  210  mg  diethyl¬ 
carbamazine  base.  Twenty  dogs  were  used  as  controls  and  were  not  treated. 

Body  weight  and  results  of  fecal  examinations,  hematocrit,  and  Knotts' 
tests  were  recorded  at  two  week  intervals  during  the  duration  of  the 
field  trial.  In  addition,  the  performance  of  the  dogs  was  rated  and 
recorded  using  the  systems  under  which  all  dogs  at  the  training  center 
are  rated. 

The  results  of  fecal  examinations  are  summarized  in  Table  1.  Parasite 
ova  were  not  found  in  any  of  the  treated  dogs  during  the  10  week  period. 

In  the  early  part  of  the  trial  period,  it  became  evident  that  dogs 
receiving  the  drug  daily  in  a  liquid  form  in  the  feed  did  not  gain 
weight  as  readily  as  the  controls  in  the  same  unit,  Table  2.  This 
difference  was  not  as  readily  apparent  at  the  end  of  the  10  week  trial 
period.  The  oral  liquid  has  a  very  bitter  taste  and  when  a  dog  is 
placed  on  the  drug  the  total  food  intake  may  be  initially  reduced.  As 
the  dog  becomes  accustomed  to  the  taste,  food  intake  is  not  impaired. 

Hematocrit  values  of  all  dogs  remained  in  the  normal  range  and  no 
significant  difference  in  performance  was  noted  between  treated  and 
untreated  dogs. 

Microfilaria  were  not  found  in  the  blood  of  any  dog  during  this  period. 

It  was  impossible  to  evaluate  the  effectiveness  of  the  drug  for  control 
of  Dlrofilarlsis  inroitis . 

It  is  apparent  from  preliminary  observations  that  the  drugs  provide 
effective  control  of  intestinal  parasites,  cause  no  side  effect,  and 
do  not  impair  performance. 
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TABLE  1 

Results  of  Fecal  Examinations  of  Dogs  on  Styrid-Caricide  Field  Trial 

At  Ft.  Benning,  Georgia 
Number /Per cent* 


Group 

Initial 

2  Weeks 

4  Weeks 

6  Weeks 

8  Weeks 

10  Weeks 

Tablet  Control 
46  dogs 

15/32.0 

7/15.2 

5/10.9 

6/13.0 

2/4.3 

1/2.2 

Tablet  Treated 
42  dogs 

7/16.6 

0/0.0 

0/0.0 

0/0.0 

0/0.0 

0/0.0 

Liquid  Control 
20  dogs 

0/0.0 

6/30.0 

i/5.0 

2/10.0 

0/0.0 

0/0.0 

Liquid  Treated 
30  dogs 

4/13.3 

0/0.0 

0/0.0 

0/0.0 

0/0.0 

0/0.0 

*Numbei /percent  of  dogs  positive  for  hookworms  and/or  roundworms 
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TABLE  2 


Variations  in  Body  Weight  of  Dogs  on  Styrid-Caricide  Field  Trial 

At  Ft.  Benning,  Georgia 
Gained/Lost* 


Group 

2  Weeks 

4  Weeks 

6  Weeks 

8  Weeks 

10  Weeks 

Tablet  Control 
46  dogs 

3/0 

3/1 

5/1 

5/0 

3/4 

Tablet  Treated 
42  dogs 

1/0 

2/0 

3/2 

5/3 

2/4 

Liquid  Control 

20  dogs 

1/0 

6/0 

7/0 

15/0 

6/0 

Liquid  Treated 

30  dogs 

0/1 

1/2 

1/1 

11/1 

4/0 

*Expressed  as  number  of  dogs  gaining  or  losing  more  than  5  lbs. 
as  compared  to  their  initial  weight 
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*  All  hamsters  were  given  an  intraperitoneal  inoculation  of  1.0  nl  on  day  0.  Those  hamater* 
2  doses,  received  the  second  dose  on  day  7. 

**  Geometric  mean  titer. 
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aiutmnesi  it  i  )*j»c  ai»i  response;  i.e.,  developing  antibody  more 
rapidly  and  t«i  hlglier  titers  than  the  control  dogs.  Three  of  the 
4  vaccinated  doga  exposed  by  contact  had  a  similar  anamnestic 
response  but  occurring  1  week  later.  In  summary,  the  formalin 
inactivated  5V-6  vaccine  produced  from  infected  amniotic  fluid 
produced  low  levels  of  antibody  in  dogs  without  any  untoward 
reactions,  on  challenge,  the  vaccinated  dogs  were  infected  and 
developed  an  anamnestic  antibody  response. 

3.  Recovery  and  ».bai acterization  of  a  Minute  Virus  of  Canines  (MVC). 

In  comparison  to  oilier  species,  comparatively  few  new  canine  viruses 
have  been  described,  ibis  may  be  a  reflection  of  the  limited  number 
of  studies  conducted  and  the  limited  number  of  virus  indicator  systems 
employed.  Therefore,  attempts  were  made  to  develop  new  continuous 
canine  cell  culture  lines.  This  report  summarizes  the  use  of  a  canine 
cell  line  developed  in  the  laboratory  for  the  isolation  and  charac¬ 
terization  of  a  hitherto  undescribed  canine  virus. 

The  cell  culture  used  for  the  recovery  of  this  virus  was  derived  from 
a  subdermoid  cyst  of  an  irradiated  dog.  In  the  first  7-8  cell  passages, 
the  cells  were  fibroblastic  and  then  became  epithelial.  At  present, 
this  cell  line  designated  Walter  Reed  canine  cell  line  has  been  sub¬ 
divided  over  185  times. 

In  June  1966,  rectal  swab  specimens  were  obtained  from  normal  military 
dogs  at  Ft.  Benning,  Ga.  The  swabs  were  placed  in  broth  to  which  anti¬ 
biotics  were  added.  The  supernatant  fluids  of  the  centrifuged  broth 
were  inoculated  into  the  Walter  Reed  canine  cell  line,  primary  dog 
kidney,  human  embryonic  kidney,  and  monkey  kidney  cell  cultures.  Only 
in  the  Walter  Reed  canine  cell  line  was  a  cytopathic  effect  seen.  The 
infected  cells  round  up,  the  cell  membranes  become  distinct,  protoplasmic 
strands  are  evident,  and  the  cells  detach  from  the  glass.  On  continued 
incubation  the  cytopathic  effect  progresses  until  all  the  cells  detach 
from  the  glass.  Large  intranuclear  inclusions  were  evident  in  hema¬ 
toxylin  and  eosin  stained  infected  cells.  A  clear  zone  can  be  seen 
between  the  inclusion  and  the  nuclear  membrane.  The  nuclear  inclusions 
fluoresce  green  when  stained  with  acridine  orange.  No  such  inclusions 
are  present  in  control  cells.  The  isolate  could  not  be  related  by 
means  of  neutralization  tests  with  known  or  reported  canine  viruses; 
e.g.,  canine  adenoviruses,  canine  herpes,  canine  distemper,  rabies, 

SV-5,  reovirus  type  1  and  Echo  virus  6. 

The  production  of  cytopathic  effects  could  be  observed  in  successive 
subcultures  of  infected  Walter  Reed  canine  cells  but  not  in  primary 
dog  kidney  or  thyinus  cell  cultures  or  in  the  Madin-Darby  continuous 
canine  kidney  cell  culture.  The  isolated  agent,  2  X  66,  did  not 
produce  cytopathic  effects  in  cell  cultures  of  a  wide  variety  of 
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primary  and  continuous  ceil  cultures  derived  from  different  upccleo, 
nor  did  the  cytopathic  agent  cause  overt  disease  in  suckling  4n,: 
weanling  mice,  hamsters,  guinea  pigs,  and  rabbits. 

Observations  on  the  isolation  of  the  virus  and  the  specific  serologic 
reactions  are  summarized  in  Table  7.  The  first  cytopathic  effect  was 
noted  on  the  6th  day  of  cultivation  for  specimens  from  2  dogs,  2  X  66 
and  7  X  01.  The  remaining  2  isolates  were  evident  on  the  4th  and 
9th  day  of  the  first  subculture.  In  each  instance  the  cytopathic  effect 
was  similar  and  each  agent  was  reisolated  from  the  original  rectal 
specimen.  The  2  X  66  isolate  was  selected  as  a  reference  strain  and 
after  3  terminal  dilutions  virus  pools  were  prepared  and  antiserun  was 
made  in  rabbits.  The  antiserum  neutralized  all  the  original  isolates 
and  repeat  isolates.  A  rise  in  serum  neutralization  antibody  titer 
was  demonstrated  in  3  dogs.  The  serum  specimens  were  obtained  at  the 
time  the  rectal  specimens  were  obtained  and  30  days  later.  Sera  from 
the  4th  dog  were  not  available.  )  The  virus  hemagglutinated  monkey 
red  blood  cells  at  4°  C  and  it  was  possible  to  demonstrate  a  rise  in 
antibody  titer  in  hemagglutination-inhibition  test  with  the  same 
serum  samples.  These  findings  are  excellent  evidence  of  the  canine 
origin  of  the  virus. 

Table  7.  Recovery  of  Minute  Virus  of  Canines  (MVC) 


Dog 

Number 

Day  CPE  Noted 
(Passage) 

Antibody  Titer 

Neutralization 

Hemagglutination 

Inhibition 

2  X  66* 

6  (Original)** 

64/256*** 

40/160 

7  X  01 

6  (Original)** 

<  16/256 

20/80 

5A37 

4  (Subpassage)** 

<  16/64 

4 10/40 

6  X  54 

9  (Subpassage)** 

not  available 

not  available 

*  Reference  strain. 

**  Agent  reisolated. 

***  Serum  specimen  on  day  rectal  specimen  obtained.  /  Serum  specimen 
approximately  30  days  later. 

Studies  on  the  chemical  and  physical  properties  of  the  reference 
virus  are  summarized  in  Table  8.  The  virus  was  resistant  to  chloro¬ 
form  and  ether  treatment.  At  pH  3.0  the  virus  was  stable  for  3  hours 
at  room  temperature.  The  virus  had  a  remarkable  degree  of  stability 
at  60°  and  70°  C.  At  80°  C  in  one  of  2  experiments,  the  virus 
survived  1  hour;  in  the  second  experiment  the  virus  was  recovered 
after  30  minutes.  To  determine  the  type  of  nucleic  acid,  the  effect 
of  5-iodo  2-deoxyuridine  on  the  growth  of  the  virus  was  measured. 
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fi*r  4«  improved  plaque  teat.  Recently,  Leibovitz  (Am.  J.  Hyg.  78: 

173,  1961)  (v4»  described  4  highly  enriched  medium  for  cell  cultures, 
designated  L-IS,  which  does  not  utilize  the  usual  bicarbonate  buffer 
system.  Preliminary  experiments  were  carried  out  using  the  L-15 
medium  enriched  with  10%  fetal  bovine  serum.  In  most  instances  good 
monolayers  of  OK  cells  were  formed  in  petri  dishes.  However,  con¬ 
sistently  good  monolayers  were  formed  when  0.5%  lactalbumin  hydroly-. 
•ate  was  added  to  the  growth  median.  For  plaquing,  the  overlay 
medium  consisted  of  equal  parts  of  (a)  2X-L-15  medium  without  phenol 
red,  70%  fetal  bovine  serum,  2%  L-glutamine  (200  mm),  antibiotics  and 
5%  of  a  1:1000  neutral  red  stock,  and  (b)  1.4%  purified  agar.  The 
7  media  were  nixed  in  equal  volume  before  overlaying. 

Comparative  titrations  of  several  strains  of  canine  herpes  in  tube 
cultures  and  in  dishes  indicated  that  both  methods  gave  similar 
titers  and  the  number  of  plaques  was  inversely  related  to  dilution. 
Comparative  titrations  of  rabbit  anti-canine  herpes  sera  in  tubes  and 
dishes  indicated  in  many  instances  the  plaque  test  gave  2  to  4-fold 
higher  titers,  and  low  levels  of  neutralizing  activity  in  several 
canine  sera  were  detected  which  were  negative  in  the  tube  test.  Thus, 
the  canine  herpes  plaque  reduction  test  improves  the  sensitivity  and 
accuracy  of  the  neutralization  test. 

Antigenic  differences  have  been  noted  for  various  memLers  of  the 
herpes  virus  group,  i.e.,  herpes  simplex,  herpes  simiae,  and  equine 
herpes.  Canine  herpes  strains  isolated  at  WRAIR  or  Cornell  were 
antigenlcally  similar.  However,  the  plaque  reduction  test  made 
possible  a  precise  determination.  Antisera  to  canine  herpes  viruses 
were  prepared  in  rabbits  and  plaque  reduction  tests  carried  out 
(Table  10).  Ho  significant  antigenic  differences  were  noted  among  the 
viruses  from  WRAIR,  Cornell,  NIH,  and  Richmond,  Va.  Therefore,  it 
appears  for  diagnostic  or  epidemiological  purposes  neutralization  tests 
could  be  carried  out  with  either  the  WRAIR  or  Cornell  isolates. 


Table  10.  Results  of  Cross-Neutralization  Tests 
of  Canine  Herpes  Viruses 


Rabbit 

Serum 

Vs. 

1/Titer  Against  Indicated 

Virus  (origin) 

F205 

(Cornell) 

4-63 

(Walter  Reed) 

D004 

(Walter  Reed) 

34-66  Stewart 

(Richmond,  Va.)  (NIH) 

F205 

4* 

16 

16 

16 

not  done 

4-63 

64 

64 

256 

256 

not  done 

D004 

64 

64 

64 

64 

64 

34-66 

4 

4 

4 

JL 

not  done 

*  Highest  dilution  causing  80%  or  greater  plaque  reduction. 
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5 .  Virus  Studies  of  Newly  Procured  Laboratory  Dogs . 

In  cooperation  with  the  Department  of  Laboratory  Animals,  studies 
were  initiated  to  define  the  possible  viral  etiology  of  respiratory 
disease  in  newly  procured  "conditioned  dogs."  In  contrast  to  pre¬ 
vious  experience,  conditioned  dogs  from  a  vendor'  in  Texas  had  an 
unusually  high  incidence  of  respiratory  disease  during  their  quar¬ 
antine  period.  Accordingly,  appropriate  blood,  throat  and  rectal 
specimens  were  obtained  from  these  dogs  for  virus  isolation  and 
serological  tests.  In  July  1968,  of  35  dogs  included  in  the  study, 

13  developed  signs  of  respiratory  disease  and  4  dogs  died.  Seven 
transmissible  agents  were  recovered  from  thr<  at  and  rectal  specimens 
of  4  sick  dogs.  The  agents  included  2  parainfluenza  SV-5  isolates, 

1  canine  herpes  virus,  2  minute  viruses  of  canines,  and  2  unknown 
agents.  The  2  unknown  viruses,  throat  (L198T)  and  rectal  (L198R) 
isolates,  were  recovered  from  dog  L198  with  fatal  respiratory  disease. 
Although  convalescent  serum  was  not  available  from  this  dog,  rises 
in  titer  to  both  viruses  were  demonstrated  in  other1  dogs  of  this 
group.-  L198T  virus  is  a  small,  acid  labile,  ethee  resistant  RNA 
virus,  and  L198R  appears  to  be  a  middle-sized  ether  sensitive  agent. 
L198T  can  be  propagated  in  the  Walter  Reed  canine  cell  line  but  not 
in  primary  dog  kidney.  L198R  virus  multiplies  in  primary  canine 
kidney  and  thymus  cells.  Detailed  characterization  of  these  2  viruses 
are  in  progress.  In  addition  sero-epidemiological  tests  are  being 
carried  out  to  determine  the  spread  of  these  ?  viruses  and  the  other 
canine  viruses  in  the  conditioned  dogs. 

Summary  and  Conclusions. 

1 .  Respiratory  Disease  in  Scout  Dogs . 

Further  studies  were  conducted  to  define  the  etiology  and  epidemiology 
of  respiratory  disease  in  scout  dogs.  Previous  studies  had  resulted 
in  the  recovery  of  a  highly  communicable  para  influenza  SV-5  virus. 
During  this  investigation,  23%  (81/346)  of  the  doge  developed  respira¬ 
tory  disease  and  2  dogs  died.  The  signs  of  disease  occurred  in  dogs 
within  2-to  3-months  of  entry  into  service.  A  relationship  between 
length  of  service  at  the  Lackland  Air  Force  Base  recruitment  center 
and  the  incidence  of  SV-5  antibody  was  demonstrated.  At  Ft.  Benning 
approximately  40%  ( 50/133  )of  the  dogs  had  a  rise  in  SV-5  antibody 
titer  including  14  of  34  dogs  with  signs  of  disease.  Over  90%  of 
the  dogs  had  SV-5  antibody  upon  completion  of  training.  Tara  influenza 
SV-5  virus  infections  continue  to  be  associated  with  a  significant 
percentage  of  respiratory  disease  in  military  dogs,. 

2 .  Development  and  Evaluation  of  a  Formal _in-Inac t ivat ed_Cani ne 
Parainfluenza  SV-5  Vaccine. 

Parainfluenza  SV-5  virus  was  recovered  from  military  dogs  with  upper 
respiratory  disease  in  1966.  Subsequent  studies  showed  the  virus  was 
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highly  communicable  among  military  dogs  <*»*4  49^  iat«4  •it*-  «■»** :«•*' -■*'> 
disease  over  a  2-year  period.  Therefore,  studies  un*t>  ; o(J, 

a  formalin-inactivated  SV-S  vaccine.  Experimental  vaeeih*  lot#  *»♦« 
prepared  from  the  amniotic  fluid  of  ambry  oner  in*  hen's  «*js  *h4  j>mh 
primary  dog  kidney  and  embryonic  bovine  kidney  ceil  culture*.  !'«***».*; ;*. 
at  1:4000  concentration  at  36  C  inactivated  the  amniotic  flui<J  !>«•«*»*» 
tions  in  8  hours  and  the  cell  culture  preparations  in  hour* 

One  dose  of  the  experimental  vaccines  produced  neutral  icing  *m1U**j 

j  in  hamsters.  Two  doses  of  the  amniotic  fluid  type  SV-i  vaccine  fr^c «='■: 

neutralizing  and  hemagglutinating-inhibiting  antibody  in  do<;o  but  JU 
not  prevent  infection  on  challenge.  Further  studies  with  more  potent 
vaccines  should  be  carried  out  in  dogs  as  well  as  studies  on  the  role 
of  "local  antibody"  in  immunity  to  respiratory  SV-5  Infection. 

3.  Recovery  and  Characterization  of  a  Minute  Virus  >f  Canincr  (MVC). 

Recently  dogs  have  become  important  in  military  operations  in  South¬ 
east  Asia  and  the  Division  of  Veterinary  Medicine  is  providing  lab¬ 
oratory  support  in  the  diagnosis  and  control  of  infectious  diseases. 

In  studies  of  canine  virus  diseases,  few  canine  cell  lines  are  avail¬ 
able  and  therefore,  studies  were  carried  out  to  initiate  new  canine 
cell  cultures.  This  report  describes  the  utilization  of  a  canine 
cell  line  developed  in  this  laboratory  for  the  isolation  and  charac¬ 
terization  of  a  hitherto  undescribed  virus.  Four  antigenically 

|  1  related  transmissible  viral  agents  were  recovered  from  fecal  specimens 

1  of  4  asymptomatic  military  dogs.  The  agents  produced  a  cytopathic 

effect  (CPE)  in  a  continuous  dog  cell  line.  Antibody  titer  rises 
were  shown  in  serum  samples  from  3  of  the  4  dogs.  The  virus  has 
produced  CPE  in  this  cell  line  but  not  in  primary  kidney  or  thymus 
cell  cultures,  nor  in  cells  of  human,  simian,  porcine,  bovine,  feline, 
and  murine  origin. 

The  agent  is  resistant  to  ether,  chloroform  and  heat  treatment. 

Infected  cell  cultures  stained  with  acridine  orange  contain  intra¬ 
nuclear  green  fluorescent  inclusions.  By  electron  microscopy  the 
intranuclear  particles  measure  20-21  mu.  The  buoyant  density  in  cesium 
chloride  is  approximately  1.40.  These  properties  are  consistent  with 
the  members  of  the  picodnavirus  group.  By  hemagglutination  inhibition 
tests  MVC  could  be  readily  distinguished  from  H-l,  Rat  Virus  and  MVM. 
Canine  gamma  globulin  contained  high  titers  of  neutralizing  antibody 
and  antibody  was  frequently  found  in  military  dogs  and  in  beagles  of 
a  breeding  colony. 

4.  Development  of  a  Simple  Plaque  Procedure  for  Canine  Herpes  Virus 

■i  and  its  Utilization  for  Antigenic  Comparisons  of  Canine  Herpes  Viruses. 

A  simplified  technique  for  plaquing  viruses  in  a  modified  Leibovitz 
L-15  media  has  been  developed.  The  procedure  will  enable  the  plaquing 
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(U)  Cyanoacrylates;  (U)  Veterinary  surgical  equipment _ 

11.  TCCIINICAl  OCJtCTIVt.*  14  APPROACH,  II  MUMAflMIIMiliUKiAl  H'nUDti  ly  a .iUr  pi...*  Ml  •(  w*  «•  MnvKr  OA.-J 

S3.  (U)  To  adapt  newly  developed  surgical  procedures  to  the  coabat  situation  and  to 

develop  additional  surgical  techniques  and  procedures  as  required. 


14.  (U)  To  evaluate  usefulness  of  new  hemostatic  techniques  such  as  cyanoacrylate 

sprays,  to  evaluate  the  usefulness  of  means  of  controlling  wound  infection 
and  to  Investigate  the  role  of  hemorrhage  shock  In  canine  combat  casualties. 


15.  (U)  69  01  -  69  06  A  prototype  canine  surgical  table  for  combat  use  has  been 

.fabricated  and  awaits  field  testing.  Field  testing  of  pneumatic  splints,  topical 
screwworm  medication  awd  cyanoacryllc  hemostatic  sprays  are  planned  In  Southeast 
Asia.  For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  July  1968  -  30  June  69. 
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Project  3A061101A91C  IN-HOUSE  IABORATORY  INDEPENDENT  RESEARCH 
Teak  00,  In-Houae  Laboratory  Independent  Research 
Work  Unit  185,  Veterinary  Combat  Surgery 
Investigators . 

Principal:  CPT  B.  S.  Goodwin,  VC 
Associate:  COL  R.  M.  Nims ,  VC 


Description 

Major  objectives  are  to  adapt  newly  developed  surgical  procedures 
to  combat  situations  and  develop  additional  surgical  techniques 
and  procedures  as  required. 

Progress 

1.  A  prototype  canine  surgical  table  for  field  use  Is  being  fabricated. 
This  table  Is  designed  to  be  light  weight,  easily  transportable  and  with 
a  trough-shaped  table  surface  to  conform  more  closely  to  the  anatomical 
configuration  of  the  canine.  The  surface  consists  of  two  Identical 
halves,  hinged  with  a  flexible  material  which  also  serves  as  a  drainage 
trough.  This  also  permits  infinite  variation  in  table  surface  configura¬ 
tion,  so  that  either  half  of  the  table  can  be  positioned  from  horizontal 
to  45°  toward  vertical,  Increasing  its  versatility  for  different  surgical 
procedures.  The  surface  is  also  capable  of  being  tilted  along  its  long 
axis.  Removable  extensions  will  adapt  it  to  special  situations,  such  as 
orthopedic  manipulations.  The  surface  of  the  table  will  be  slotted  to 
improve  drainage.  Being  removable  from  the  base,  it  is  potentially  use¬ 
ful  as  a  stretcher  or  litter. 

The  table  base,  of  light-weight  metal,  will  collapse  for  crating  and 
movement . 

Dimensions  and  configuration  of  the  table  will  permit  the  surgeon  closer 
proximity  to  the  surgical  field.  The  trough  configuration  of  the  surface 
will  minimize  the  need  for  restraining  straps  and  sandbags  which  are 
necessary  on  conventional  flat  surfaced  operating  tables. 

The  prototype  table  will  be  tested  in  actual  use  situations  and  it  is 
hoped  to  be  able  to  test  it  under  field  conditions. 
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2.  Cvanoacrvlic  Hemostatic  Sprays 


These  sprays,  which  were  developed  using  the  canine  as  the  experimental 
subject,  have  proven  useful  for  hemostasis  of  solid  organ  and  soft 
tissue  trauma.  Their  adaptability  for  field  surgical  procedures  will 
be  studied.  The  feasibility  of  incorporating  antibiotics  for  control 
of  bacterial  wound  contaminants  will  be  investigated. 

3.  Pneuroosplint 

A  commercially  available  inflatable  splint  (Redlspllnt;  Parke-Davis) 
was  Investigated  for  possible  application  as  a  field  first  aid  item. 
Fixation  proved  Inadequate  for  transporting  canine  fracture  cases 
over  rough  terrain  by  vehicle.  Also,  the  device  is  subject  to  failure 
from  tears  and  punctures.  A  desirable  feature  of  the  device  is  the 
hemostatic  effect  of  the  uniformly  applied  pressure. 
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Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
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Publications 

None. 
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(D)  Meningococcal  Polysaccharide  Ct  (U)  Neisseria  leaning! tides 


23.  (0)  To  develop  procedures  and  methods  for  soallng-uo  production  of  nenlngoooecal 
polysaccharides  Types  A  and  C  to  20  gram  lots. 

2U.  ^U)  Modification  of  small-soals  procedures  and  adaptation  to  quantity  produet*  on. 


25.  (U)  Two  lots  of  group  C  meningococcal  vaccina  (C-7  ->nd  C-8),  totalling  37,750  doase, 
have  been  produced  which  meet  the  required  chemical  and  purity  specification  md  which 
have  provdd  to  be  safe  and  immunogenic  in  volunteers.  Lot  C-7  has  been  given  to  5292 
and  lot  C-8  to  665  recruits.  For  technical  report  see  Valter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  (1  Jul  66  -  30  Jun  69.) 
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I ),  (f)  To  *et  chemical  utructuros  and  associated  information  directly  into  type,  from 
;odod  files,  accomplishment  of  this  objective  will  allow  the  Government  to  distribute 
to  the  Multiple  groups  participating  in  the  Army  Malarial  and  Radiation  Drug  Develop- 
t  Programs  information  needed  to  encourage  meaningful  participation. 


24. (U)  The  chemical  structures  on  file  were  entered  by  means  of  chemical  typewriters, 
which  code  the  actual  layout  of  the  structures  typed.  Therefore,  it  is  possible  to  dis¬ 
play  these  structures  on  demand.  Currently,  this  is  done  by  means  of  high-speed  printers 
having  a  modified  font.  It  should  also  be  possible  with  tape-driven  photo- typesetting 

equlfment. 

2J,  (O)  69  01  -  69  06  A  preliminary  program  has  been  written  to  test  the  logic  to  be  used 
in  converting  typewriter  to  typesetter  font.  Funds  are  being  transferred  to  the  Govern¬ 
ment  Printing  >>rflce  for  the  use  of  their  typesetting  machines  and  for  the  purchase  of 
a  chemical  font  to  bo  designed  according  to  specifications  developed  in  this  project. 

For  technical  reports,  see  Walter  Rood  Army  Institute  of  Research  Annual  Progress  Re¬ 
port,  1  Jul  68-30  Jun  69. 
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Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  187,  Computer  aided  printing  of  chemical  structures 

Investigators. 

Principal:  David  P.  Jacobus,  M.  D. 

Associate:  Alfred  P.  Feldman 


1 .  General 

The  Division  of  Medicinal  Chemistry  to  date  has  accumulated  large 
files,  consisting  of  both  chemical  and  biological  information  and 
coded  for  computer  searching  (l).  While  this  information  is  access¬ 
ible  through  computer  searching,  there  is  also  an  urgent  need  for  the 
preservation  of  this  information  for  archival  purposes  in  a  non-coded, 
legible  format. 

Because  all  the  material  is  already  coded,  there  exists  the  possibil¬ 
ity  of  preserving  it,  not  as  a  roomful  of  data  sheets,  nor  as  volum¬ 
inous  computer  printouts,  but  in  manageable  book  form,  set  in  high 
quality  type,  well  indexed,  and  readily  distributed.  Because  the 
material  is  encoded,  the  high  costs  of  manual  typesetting  and  proof¬ 
reading  are  avoidable. 

It  is  the  object  of  the  work  described  here  to  make  encoded  chemical 
structures  amenable  to  typesetting  in  the  above  fashion.  Because 
such  diagrams  are  two-dimensional,  and  because  existing  typesetting 
machines  operate  on  a  line-by-line  basis,  such  diagrams,  in  the  past, 
had  to  be  printed  from  "cuts’1  prepared  from  hand-drawn  originals.  A 
novel  method  of  encoding  chemical  structures  used  in  this  division  (2), 
is  capable  of  feeding  two-dimensional  chemical  diagrams  line-by-line 
to  a  high  speed  printer,  and  hence  also  to  a  tape-driven  typesetting 
machine  (3).  The  method  is  of  general  applicability. 

2.  Progress. 

Contact  was  established  with  the  Government  Printing  Office  to  explore 
the  feasibility  of  the  typesetting  programs  discussed  above.  Follow¬ 
ing  an  affirmative  answer,  test  programs  were  written,  and  an  experi¬ 
mental  grid  was  designed,  compatible  both  with  the  chemical  typewriter 
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font  used  for  input,  and  the  requirements  of  the  Government  Printing 
Office  typesetting  machines  (Linofilm  and  Linotron). 

References: 

1.  D.  P.  Jacobus,  D.  E.  Davidson,  A.  P.  Feldman  and  J.  A.  Schafer: 
"Experience  With  the  Mechanized  Chemical  and  Biological  Information 
Retrieval  System".  J.  Chem.  Documents;  in  press. 

2.  A.  Feldman:  "Two  Dimensional  Structure  Encoding  Typewriter", 

U.  S.  Patent  3,358,804  issued  19  Dec.  1967. 

3.  A.  Feldman:  "A  Proposed  Improvement  in  the  Printing  of  Chemical 
Structures,  Which  Results  in  Their  Complete  Computor  Codes",  Am.  U>e- 
ument,  1£  205  (1964). 
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25 

Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 


Task  00,  In-House  Laboratory  Independent  Research 

Work  Unit  188,  Behavioral  base  lines  for  the  experimental  study  of 
uremia 


Investigators. 

Principal:  COL  Paul  E.  Teschan,  HC 

Associate:  MAJ  Charles  B.  Carter,  MC;  Mr.  Edward  Taub 

Description:  The  clinical  syndrome  of  uremia  has  been  recognized  for 
many  years.  The  nature  of  the  toxic  substances  present  in  uremia  awaits 
development  of  sensitive  methods  of  studying  uremia  in  the  laboratory. 

Progress :  Development  of  a  sensitive  bioassay  system,  utilizing  operant- 
conditioned  behavior  patterns  in  monkeys  in  the  uremic  and  nonuremic 
state  offers  opportunities  for  the  study  of  the  effects  of  uremia  on 
cerebral  function.  Such  a  system  has  been  developed  at  the  WRAIR. 

Utilizing  this  system  It  is  possible  to  reverse  the  encephalopathic 
effects  of  uremia  with  peritoneal  dialysis,  indicating  that  the  toxic 
substance  or  substances  responsible  for  the  encephalopathy  are  small, 
dialyzable  molecules. 

It  has  also  been  possible  to  study  the  effects  of  specific  suspected 
toxic  substances  by  allowing  their  concentration  to  remain  elevated 
during  treatment  of  uremia  with  peritoneal  dialysis.  This  is  readily 
accomplished  by  placing  these  substances  in  peritoneal  dialysate  at 
concentrations  designed  to  maintain  pathologic  extracellular  fluid 
concentrations. 

Results :  Thus  far,  urea  and  guanidinosuccini c  (GSA)  acid,  both 
suspected  uremic  toxins,  have  been  evaluated  in  this  manner.  They 
do  not,  separately,  appear  to  be  the  toxic  factors  in  uremia.  We  have 
been  able  to  demonstrate  normal  operant  conditioned  behavior  in  the 
presence  of  marked  elevations  of  GSA  and  urea. 

Conclusions  and  Recommendations:  It  is  possible,  utilizing  the  present 
bioassay  system,  to  study  the  effects  of  specific  suspected  uremic 
toxins  on  cerebral  function.  Studies  of  many  remaining  single  toxins 
and  combinations  of  toxins  remain  to  be  done. 
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Project  3A061101A91C  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

Task  00  In-House  Laboratory  Independent  Research 

Work  Unit  188  Behavioral  base  lines  for  the  experimental  study  of  uremia 

Publications; 

None. 
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23.  (u)  To  supply  a  specified  quantity  of  the  A-  and  C-protein  tuberculin  fractions 

monthly. 

2k.  (U)  By  procedures  described  by  the  Investigator  in  the  scientific  literature. 

25.  (U)  69  03-69  06  Regular  delivieries  of  the  A-protein  and  C-protein  antigen  fractions 

have  been  made  according  to  the  agreement  in  the  contract.  In  addition,  a  new  poly¬ 
saccharide  antigen  prepared  from  the  cell  walls  of  tubercle  bacilli  was  supplied  in 
quantities  sufficient  for  critical  evaluation  in  the  SAFA  test.  Findings  thus  far 
indicate  that  the  polysaccharide  antigen  is  superior  to  the  A-  and  C-protein  for 
detection  of  simian  tuberculosis.  For  technical  reports  see  Walter  Reed  Army  Institute 
of  Research  Annual  Report,  1  Jul  68  -  30  Jun  69. 
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Project  JA06110IA91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00  In-House  Laboratory  Independent  Research 
Work  Unit  189,  Preparation  of  tuberculin  fraction 


Investigators. 

Principal:  Lewis  F.  Affronti,  Ph.D. 

Associate:  Earl  H.  Fife,  Jr.,  M.S. 

Description. 

This  work  unit  consists  of  a  contract  to  prepare  specific 
tuberculin  antigen  fractions  and  to  supply  the  Department  of  Serology, 
WRAIR,  with  specified  amounts  of  each  antigen.  Fractionation  procedures 
developed  by  the  principal  investigator  are  used  to  isolate  A-protein 
and  C-protein  antigens  from  the  filtrates  of  M.  tuberculosis  cultures. 
These  antigens  are  used  by  investigators  in  the  Department  of  Serology 
in  studies  on  the  serodiagnosis  of  human  and  simian  tuberculosis. 

Progress. 

Regular  deliveries  of  the  A-protein  and  C-protein  tuberculin  antigen 
fractions  have  been  made  to  the  Department  of  Serology,  WRAIR,  in 
accordance  with  the  terms  of  the  contract.  In  addition,  a  new  poly¬ 
saccharide  antigen  fraction  prepared  from  the  cell  walls  of  the  tubercle 
bacilli  (Birnbaum.  S.  E.  &  Affronti,  L.  F.,  J.  Bact.  95  :  559,  1968)  is 
being  supplied  in  quantities  sufficient  for  critical  evaluation  in  the 
SAFA  test.  Results  of  preliminary  evaluations  in  the  SAFA  test  indicate 
that  the  C-protein  antigen  is  superior  to  the  other  fractions  for  the 
serodiagnosis  of  human  tuberculosis,  whereas  the  polysaccharide  fraction 
is  the  most  sensitive,  specific  antigen  for  simian  tuberculosis. 
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Project  3A061101A91C,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 
Task  00  In-House  Laboratory  Independent  Research 
Work  Unit  189,  Preparation  of  tuberculin  fraction 
Publications. 

None. 
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Project  JA06U02B71Q  COMMUNICABLE  DISEASES  AND  IMMUNOLOGY 
Task  00,  Communicable  Diseases  and  Immunology 
Work  Unit  165,  Parasitic  diseases 
Investigators. 

Principal:  Elvlo  H.  Sodun,  Sc.D.,  Lib.  Doc. 

Associate:  John  P.  Bar bar o,  Ph.D.;  Allen  W.  Cheever,  M.D.;  MAJ  Edward 

J.  Colwell,  MC;  Ralph  E.  Duxbury;  MAJ  Duane  G.  Erickson,  MSC 
Franz  von  Lichtenberg,  M.D.;  Ivan  Mota,  M.D.;  Donald  T.  0. 
Wong,  Ph.D. 

1.  Resistance  produced  in  mice  and  rats  by  inoculation  with  irradiated 

Trypanosoma  rhodeslense. 

Attempts  to  produce  immunity  in  animals  against  African  trypanoso¬ 
miasis  have  been  undertaken  by  several  investigators  with  varying  degrees 
of  success.  The  difficulties  encountered  in  artificial  immunizations 
were  attributed  to  a  number  of  factors  such  as  the  multiplicity  of 
trypancuome  species,  variations  in  strain  virulence,  instability  of 
trypanosome  antigens  and  variant  specificity  of  protective  antitrypano¬ 
some  antibody.  Some  of  the  problems  that  hinder  progress  in  each  of 
these  areas  have  been  discussed  in  recent  review  of  this  subject. 

Active  immunization  was  induced  against  African  trypanosomiasis  by 
the  use  of  live  parasites  which  had  been  attenuated  by  animal  passage, 
by  chemical  treatment  or  by  infecting  animals  with  live  virulent  parasites 
and  then  curing  the  infection  with  trypanocidal  drugs.  Considerably  less 
success  was  achieved  by  immunizing  animals  with  parasites  which  had  been 
killed  either  by  chemical  means  or  physical  means. 

Irradiation  of  parasites  interferes  with  their  physiologic  processes 
and  frequently  inhibits  their  normal  development  and  multiplication. 
Although  vaccines  consisting  of  irradiated  helminth  parasites  have  been 
reported  against  cestodes,  nematodes  and  trematodes,  only  infrequent 
attempts  to  immunize  against  protozoan  infections  with  ionizing  radiation 
have  been  reported.  Immunization  by  the  use  of  irradiated  malarial 
parasites  has  been  accomplished  in  chickens  and  rodents. 

Although  ionizing  radiation  inhibits  trypanosomes  in  their  normal 
multiplication  the  reproductive  processes  are  affected  by  a  lower  con¬ 
centration  of  radiation  than  that  required  to  kill  the  trypanosome. 
Halberstaedter  found  that  with  Trypanosoma  gamblense  a  dose  of  approxi¬ 
mately  12,000  roentgens  (r)  did  not  affect  motility  but  interfered  with 
normal  division  and  infectivlty.  He  determined  that  the  direct  lethal 
dose  occurred  between  100,000  and  600,000  r  and  corresponded  roughly  to 
that  for  nonparasitic  protozoa  (paramecia).  Since  the  dose  needed  to 
suppress  normal  division  and  infectivlty  is  only  a  small  fraction  of 
that  required  to  kill  the  trypanosomes,  irradiation  may  enable  one  to 
take  advantage  of  the  special  immunological  properties  of  living  parasites 
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with  an  unimpaired  reproductive  capacity  would  be  obviated.  To  assess 
this  hypothesis,  Stubbs  et  al. '  inoculated  mice  with  T.  equlperdum  which 
had  been  irradiated  with  high  X-ray  doses  to  render  The  parasites  non- 
infective  although  viable.  All  the  mice  which  did  not  develop  infection 
following  inoculation  with  irradiated  trypanosomes  died  after  they  were 
given  a  challenge  inoculation.  This  led  the  authors  to  conclude  that 
"no  immunological  response  followed  the  injection  of  the  X-ray  avirulented 
trypanosomes."  Conversely,  in  experiments  with  one  of  the  natural  try¬ 
panosomes  of  rodents,  T.  lewisi,  Sanders  and  Wallace  found  that  rats 
immunized  with  irradiated  blood  forms  produced  a  solid  immunity  to  a 
challenge  inoculation  given  15  to  28  days  after  the  first  inoculation. 

In  view  of  these  consideratic is ,  a  series  of  investigations  was 
undertaken  to  study  the  effect  of  ionizing  radiation  on  the  reproduction 
and  survival  of  the  African  trypanosome,  T.  rhodesiense,  and  to  determine 
the  extent  to  which  the  resulting  attenuated  parasites  could  produce 
protective  immunity  in  mice  and  rats.  The  immunizing  effect  of  irradiated 
T.  rhodesiense  which  had  been  frozen  and  stored  was  also  investigated. 

In  addition,  cross  protection  studies  were  made  using  3  species  of  African 
trypanosomes,  T.  rhodesiense,  T.  gambiense  and  T.  brucei. 

Male  ICR  strain  mice  and  male  WRCF  rats  derived  from  the  Wistar 
strain  were  used  throughout  these  studies.  The  mice  weighed  20-25g  and 
the  rats  150-170g  at  the  beginning  of  each  experiment. 

The  experiments  were  conducted  with  the  Wellcome  strains  of  T. 
rhodesiense  and  T.  gambiense  and  the  Lugala  I  strain  of  T.  brucei .  Try¬ 
panosomes  for  irradiation  were  obtained  from  heavily  parasitized  stock 
animals  placed  under  ether  anesthesia.  Doood  was  collected  from  the 
severed  axillary  vessels  of  the  mice  and  from  the  heart  in  rats.  A  mini¬ 
mal  amount  of  heparin  was  added  to  the  syringe  before  the  blood  was  drawn. 
For  determining  the  numbers  of  trypanosomes  present,  a  sample  of  the 
blood  was  first  diluted  1:200  in  a  red  cell  pipette  with  physiological 
saline  containing  1$  formalin  and  5$  stock  Geimsa's  stain.  The  trypano¬ 
somes  in  this  mixture  were  then  counted  with  a  hemocytometer  to  determine 
the  amount  of  infected  blood  needed  for  immunization  and  control  purposes. 

The  parasitized  blood  for  irradiation  was  diluted  in  normal  rodent 
serum,  then  placed  in  separate  10  x  75mm  glass  tubes  for  exposure  to  the 
various  radiation  doses  used.  The  tubes  were  kept  in  an  ice-water  bath 
before,  during  and  after  irradiation. 

Irradiation  was  accomplished  with  a  Gammacell  220  cobalt-60  irradi¬ 
ator  which  delivered  approximately  12,000  r/minute.  The  tubes  containing 
the  trypanosomes  in  diluted  blood  were  placed  in  Dewar  flasks  to  which 
ice  had  been  added .  The  flasks  were  put  into  the  holders  of  a  circular 
rack  fitted  to  a  planetary  gear  system  which  allowed  the  holders  to  ro¬ 
tate  on  their  axes  while  the  rack  rotated  on  its  axis.  This  method  in¬ 
sured  a  uniform  exposure  of  the  trypanosomes  to  irradiation.  The  irradi¬ 
ated  blood  was  highly  diluted  in  Locke's  solution  before  the  animals  were 
inoculated.  Immunizing  inoculations  were  given  intraperitoneally  in 
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0.1  -  0.2  ml  amounts  containing  tin-  ■  lr<l  n-.«.i --r  •  1  1 1  ^  jui 
experiments  with  the  efforts  of  freezing  Irmllnt*  i  ..  ri.**t*  j>;.  *-  i 
later  use  in  immunization::,  the  method  if  fr<  zing  »<•  rii<  .  i>  a  .*u-. 
was  followed.  The  irradiated,  frozen  trypanosomes  »<  r<-  u»rr  i  o'.  •  ‘ 
until  they  were  used.  Nonirradiated  inoeuia,  processed  in  <»  c!»: .ar 
manner,  were  administered  intraperitoneally  to  the  -outrol  animal c  im¬ 
mediately  after  completion  of  the  experimental  anifr.nl  in*  -uiatl*<.c. 

Tail  blood  was  collected  from  the  rats  at  regular  interval:  *-M 
serum  was  separated  and  stored  at  -20°C  for  use  in  fluoric  ■•*-*, t  nnt;i**iy 
tests.  These  tests  were  conducted  according  to  the  method  .  :  nii-last-c 
et  al.  for  African  trypanosomiasis.  Direct  examination  of  mil  t -o«*t 
for  the  presence  of  trypanosomes  was  made  daily  on  all  animal:  i-t U%g 
the  first  week  after  inoculation  and  at  3-*‘  day  interval  *  thereafter 
Animals  surviving  challenge  were  held  for  at  least  id  lay;  uio-rc  the, 
were  considered  to  be  free  of  infection. 

A  first  experiment  was  designed  to  determine  th<-  rite  t  r  r 

to  gamma  irradiation  on  the  infeotivity  of  T.  rhodesjense  r*r  ml  c.  a 
total  cf  233  mice  was  separated  into  19  grcnlps.  The  mi  •*•  *r  gn-.ai  1 
received  intraperitoneal  inoculations  of  2,(XX3,oo  nonlrraliam  *  t  -)-r*h  • 
somes.  Those  in  groups  II  through  IX  received  the  same  numi*r  or  t»,.  jam* .. 
somes  which  had  been  exposed  to  a  single  dose  of  irradl  at !*.«'.  varying  -*  m 
10,000  to  1,000,000  r.  Those  of  groups  X  through  XIV  rc-eivc!  t*i  !..«.• 
and  those  of  groups  XV  through  XIV  received  three  Joses  of  irradiate 
trypanosomes  at  weekly  intervals.  The  results,  sosmariici  in  tail*  . , 
showed  that  all  animals  inoculated  with  nonirradiated  try}. a  J>t<: cfltic  c  |c  t 
veloped  progressive  infections  and  died  3-0  lays  after  in  -\.:*t  1  *.*•., 
an  average  survival  time  of  3.6  day3.  Although  no  animals  ssfr'.rr.’ 
inoculation  with  trypanosomes  irradiated  at  10, ex  r  (Group  IJ) 
mean  survival  time  was  prolonged  as  compared  with  the  control*.  kmj. 
the  exception  of  3  mice  in  group  X  and  one  in  groaj  XI,  a.!  ft!  *■*:• 

vived  inoculation  with  trypanosomes  which  had  been  e*j.«.scd  to  l*  **c  *. r 
20,000  or  more  roentgens.  The  trypanosomes  exposed  uj  to  # 

retained  their  motility  auid  normal  outline  prior  to  ir.o.*  a.ati*.*.  mt. 
though  their  normal  division  and  infectivity  was  apparent.*  affect, ct 
Even  at  this  high  level  ol'  irradiation  parasites  coaid  ie  a.-ent;  im 
the  blood  of  the  recipient  animals  for  at  least  '*•  hoar*  after  i-.oic,;**. » 
Most  of  the  trypanosomes  exposed  to  320,000  r  and  ail  of  ti.o,*e  c* ami he: 
after  exposure  to  640,000  or  1,000,000  r  had  lost  their  rwt 

A  second  experiment  was  undertaken  to  determine  whether  the 
mice  of  Experiment  1  would  exhibit  a  deccnstrai lc  resist.aft.-e  te  *  hr*  . e*., 
infection  with  nonirradiated  trypanosomes .  As  indicated  m  :*i.c  .  *<. 

mice  were  divided  into  18  groups.  All  animals  were  ha  licked  with  ;  »• 
nonirradiated  T.  rhodesiense  1  week  after  the  last  pm-aftlsati  m 
mice  (Group  laj  were  used  as  controls  of  the  hailchgu-g 

A  marked  protection  to  a  challenging  infection  vac  ’nia  *■!  ts.  *.«■, 
mice  following  exposure  to  irradiated  trypanosome* .  !>.};  a-{.i»et 

resistance  was  noticeable  regardless  of  the  lev*-:  of  irradi«’>  <*■.  *■. 
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reeei  Vfl  a  •nad  jum-.i  Id  i  ■  i  t  . ,  j  r  i  . 
challenged  with  nonirradi  d.  I  i  r  ,  :>• .  , 

immunizing  dose  and  tested  again  a',  w.  - •  I-.  i .y  ini  u- 
after  challenge.  The  fluorescent,  anti  body  1.1, 
sera  from  the  rat.;  on  each  col  led  i on  dale,  war  i 
the  first  inoculation  and  •>  day:;  later,  out  vi  | 
of  1:8,  7  days  after  the  primary  im.nm.i  sing  m  • 
at  increasing  titers  whi  -h  reach.  i  a  peak  (  1 
At  the  end  of  the  experime.it,  d  w  o...  afi  i  •■h  il 
bodies  at  a  titer  of  1:64  wer  .-.ill  i  t.  -t.d. 
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Development  of  iumiuniiy  i:.  c  .l,  i 
Trypanosoma  rhodeslen.e  and  chalfng  i  with  n.uii 

(immunizing  doses  4  x  Jo’J;  . •  1 : : >  1  1  >  n ,•  u  . 


Group 

No. 


Irradiation 

(hr) 
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ini  1  r.  1  i  ii. 
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survival 

Mean  survival 
time  (days) 

1  mi  t !  1  =  ' i  (7  x 
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i  i  ’  1  .  '  '  ■  'ii 
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>30 

;  ,  i 
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i  -  \<  1  1  ■  i ‘ '  inn. 'ini ty  would  last  in  rats  which 

■  .i'  ’i  » .•  •  •  i  i  ■ '  <  •  •  (  t  M'anon  and  challenged  1  week  : 

'  ;•!.  in  ■  1 1  ■: i  i ; ,  an  t her  experiment  involving  52 

i-‘  t'<  fj.i'iet]  into  y  groups  (Table  6)  and 

•  -  1  i  •."it1'  1  ',(-uu  tr.\punosomes .  Groups  of 

•  •  !  -iii'ii.  -i  honUi',  5  months  and  7  months  after 
•  wit  inoculated  with  nonirradiated 
'  i  j  ’ y  ( nt  •  As  summarized  in  Table  5, 

.■ 1  ‘  t  <  ‘  !  pvi.vli  er.ly  immunized  developed 

i  •  . .  : ■  i n  v i. v i .1  time  of  5-2  days.  Conversely, 

••I*  1 1  .  i  .  •  v.'li  i)  riv'ii  a  second  challenge  1  or  3 

>  :  '!!'m  .  ••nl  ]J  (.'<■  the  14  survived  when  rechal- 

f  .  .  i,  ini y  1  of  lh  rats  survived  a  rechallenge 

•  *  1  »  h*  :  \  )  ?  | .  !  J  »  |  |f r. . , 

i 

i 

r  m . •  .-fi  lb  '  l  lie  cl  served  immunity  was  indeed  a  i 

•  :  .  I  •<  f  i  >  n  •  wove  ’  '  do  into  normal  rats  with  blood 

i  v-  ■  is  u'  '  '  i  ■■in  rats  tint  had  survived  challenge.  I 

r  '•ilc  7  1  * ; ; - r  •» iter  they  had  been  rechallenged  i 

i  ii  •  nr-  ).  iic  trypanosomes  could  be  found  in 

•  i  i  a:, in"  I  microscopically.  Periodic  exami- 

•  i  •  ith  0.4  ml  of  blood  from  a 
•  ■  ci  i  no  ovidonce  of  infection 

•  i  * i •  iiafiun.  Two  rats  were  killed 

1  'i,o  .  i'.jiloen  impression  smears 

•  '  '  •  t  innosomes.  Emulsions  of 

.'Minder  and  approximately 

;  ('■  ;>J  eons  and  2  livers)  were 

if  trypanosomes  were  seen  in 

■  ■fin  '  uni  no  evidence  of  in- 

<!'/.'  days. 
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Tabic  6 


Rechallcnge  of  rata  immunized  with  4  x  10 
Trypanosoma  rhodesiense 


6 


irradiuted 


No. 

rats 

No. 

immunizing 

inoculations 

Time  of 
rechallenge 
(month  after 
1st  challenge) 

Percent 

survival 

Mean  survival 
time  (days) 

12 

0 

- 

0 

5-2 

2 

2 

1 

100 

>30 

3 

3 

1 

100 

>30 

2 

2 

3 

100 

>30 

3 

3 

3 

100 

>30 

8 

1 

5 

88 

8.0 

6 

3 

5 

100 

>30 

4 

1 

7 

0 

5.0 

12 

2 

7 

8 

5.9 

To  determine  whether  the  protection  obtained  by  immunization  with 
irradiated  parasites  is  species  specific,  studies  were  designed  in  which 
mice  were  challenged  with  homologous  and  heterologous  species  of  African 
trypanosomes.  Three  groups  of  mice  were  given  inoculations  of  4  x  10° 
irradiated  T.  brucei,  T.  gambiense  and  T.  rhodesiense,  respectively,  on 
days  0,  7  and  14.  On  day  21  the  groups  were  subdivided  so  that  a 
homologous  challenge  and  two  heterologous  challenges,  all  with  1000 
trypanosomes,  could  be  made  for  each  of  the  3  species.  The  results  of 
homologous  challenge  showed  that  there  was  complete  protection  against 
T.  gambiense  and  T.  rhodesiense  and  that  60  percent  of  the  mice  were 
protected  against  T.  brucci.  None  of  the  mice  survived  challenge  with 
a  heterologous  species,  although  the  mean  survival  time  of  the  mice  that 
died  was  prolonged  as  compared  with  that  of  the  challenge  controls 
(Table  7). 

Analysis  of  the  foregoing  experiments  indicates  that,  in  general, 
a  strong  acquired  resistance  to  infection  to  T.  rhodesiense  is  produced 
in  mice  and  rats  by  vaccin  tion  with  irradiated  trypanosomes  of  the 
same  strain.  The  resistance  developed  is  sufficient  to  inhibit  greatly 
the  multiplication  of  the  trypanosomes  and  to  permit  the  animals  to 
survive  otherwise  lethal  infections  with  nonirradiated  parasites. 

In  view  of  this  evidence,  it  is  surprising  that  control  of  trypano¬ 
somiasis  by  artificial  immunization  has  proved  to  be  so  difficult.  The 
literature  on  the  subject  reveals  that  in  all  parasitic  infections 
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attempts  at  immure!  at  u  i  ;  n  vi  .  •  .  ••  1  » •  '  •  ■  i  a  1 1  •  -.  .  i 

extracts  from  then  nav  /  i  ,<  ■>  fi  *«f  •:  in'ii  ■  i  i  •  '  •  •  ■  ■  •  ,  •»  i  •  •  i  with 

immunity  stimulal  .  -  I  ’ey  ■  yri'-riiTUit  a  !  !'>!’'  -  ■  1  i  <  r  ■ .  .  It.  .  ill'-ly  t  hut. 

immunizations  with  i  r  r  ■  -  •  h  L  -  :  •  1  t  rj  •  a  •  .  :  •  -  •> .  i  •  ••  i  i  ■  tr.-it  in¬ 

duced  by  infection  wi  Ui  the  I  Ivin-'  n<  in  t  t.  -n  n •...  I  inn.  il<  In  tl.l. 
respect,  the  damap.  ■  of  irradiation  to  t  ic-  tr.v  i  <’nn  !••  m'.| 

to  that  resulting'  from  drip  net  i.  n.  1  n  w  inp  '  r  ■  e  t.<  I  try,  prinesoiM-s.  in 
vitro  with  parafnlisiri  an!  Hoe  til.  >  i :  ■  ■  1  U  •  •  ir<thel  in  vivo  with  sub  •urutive 
doses  of  parai'ueh  in. 

Tat  i.  ■' 

Percent  and  tiro  of  survival  <  f  r:  '  ee  a  I  t  >  r  in  muni /.at  ion  with 
irradiated  (60  Kr)  trypan  :  ome  :  (hi  <  iupiu-  an  la  teri'li  pous  speeiec) 

(immunizing  doses  4  y  J <.>  ;  ••l  a I  I •  m1"  dos-  1  :<  jo^  parasites) 

P-  (••••  :  '  i  .  >  ’  I'lia  I  1  enpe 

i.  p ami  i  >  ti;  ■  •  T.  rhodeaiensc 

No.  I’-  iaa  lit  percent 


mice 

Group  '-j 

.'i'hv  urvivors 

M,  Tby 

survivors  MGTD* 

26 

Irradiated 

T.  brucei 

■  ,y  * 

l\  #t  ) 

0 

4.8 

24 

Irradiated 

T.  gamble!).  - 

■  .  h  |Of) 

■■  to .  ( ) 

o 

4.0 

25 

Irradi'P 

T.  rliue  .el 

-  .1 

4.4 

.100 

o 

cm 

A 

15 

Non-irradia  ./•, 

(/ 

4.0 

0 

4.0 

*MSTD  =  Mean  surviiv;. 


The  only  report  .•;<  •  '  t  <  literature  on  the  use  0f  irradiated 

pathogenic  tr.ypaticsf.rr •/  <  r  in  .  .  ,-r  itimunit.y  was  that  of  Ptubbs  et  al. 

They  found  that  mice  which  im  inoculated  with  irradiated  T.  equi- 

perdum  were  success  fully  rej  n’'<  i  t>  .  indieatinp  that  no  immunological 
response  followed  1.1  ••  1  i.P  -  .  ••  '  rra-i i ah  1  virulent  try)  anosomes . 

Our  results  ' bowin' ;  t  hut  : . mii,\  I*  v*  Ups  ''rum  those  vacci¬ 
nation  attempts,  an  in  a  re  -.jp  I  ...i'ii  the  above  observations,  and 

seem  to  be  more  in  Lin  w .  n  -  -  .  'inr  r-u  i  rh i  t  y  Fernandes  et  al. 

in  American  trypanosov.ia  '  .  in  p  ur‘  :  tint,  when  Ant.inomyoin  D  was 

added  to  cultures  of  1_.  cru/.i,  t  it.  <  rani  t:  •  retained  th<>ir  normal 
motility  but  lost  tic  ability  u  ::uy  and  wr*-  unable  to  incorporate 

radioactive  thymidine  into  fiA.  tin  pnrns.it.  .-.  wore  injected  into 

mice,  they  appeared  to  ::•.•  :.<i.in  •;  :  •>  t  retained  t|,<‘ir  immunogen! city 
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U»c  cur  face  or  the  akin  with  a  ruler.  Ad  shown  in  Table  3  absorption  of 
fcoucc  anti-T.  spiralis  aera  with  rabbit  anti-mouse  7t>  71  completely  sup¬ 
pressed  the  ahlTlTy™o7  the  antisera  to  induce  PCA  reactions  after  a 
aerial ilsation  period  of  2  hours  but  left  intact  the  ability  of  the  same 
antisera  to  induce  PCA  reactions  after  72  hours. 


Table  8 

Effect  of  Absorbing  Mouse  Antiserum  with  Rabbit  Anti-Mouse  7S  7l  on 
PCA  Reactions  Induced  after  a  Sensitization  Period  of  2  or  72  Hours 


PCA  Titer*  After  PCA  Titer  After 

2  Hours _  72  Hours 


Before 

After 

Before 

After 

Antiserum* 

Absorption 

Absorption 

Absorption 

Absorption 

TB2 

400 

0 

400 

400 

TB3 

150 

0 

150 

150 

TB4 

200 

0 

200 

200 

TB6 

200 

0 

200 

200 

•Reciprocal  of  the  highest  antiserum  dilution  giving  a  skin 
reaction.  Each  value  is  the  mean  of  6  animals. 

+Antlsera  were  first  diluted  1  to  25  with  saline  and  then 
absorbed . 


In  other  experiments  in  which  the  antisera  were  absorbed  with  rabbit 
anti-mouse  )2a  or  72b,  no  decrease  in  the  PCA  activity  at  2  or  72  hours 

was  detected. 

Fahey,  Wunderlich  and  Mishell  showed  by  Immunoelectrophoresis  that 
mice  produce  4  major  classes  of  immunoglobulins:  75  7l>  7S  72,  IgM  and 
IgA.  The  7S  72  includes  2  subclasses:  the  75  72a  and  7S  72b.  Although 
all  five  isnunoglobullns  have  antibody  activity,  only  the  7S  71  was 
shown  to  have  the  ability  to  sensitize  mice  for  passive  cutaneous  or 
systemic  anaphylaxis.  More  recent  studies  have  indicated  that  mice  can 
also  produce  a  reagin-like  antibody  when  injected  with  antigen  plus 
adjuvant  or  when  infected  with  T.  spiralis.  Previous  attempts  to  separate 
these  antibodies  by  using  gradient  chromatography  on  DEAE- cellulose  re¬ 
sulted  in  initial  eluates  able  to  induce  PCA  only  after  4  hours  and  late 
eluates  inducing  PCA  after  4  and  72  hours.  Whether  the  last  eluates  had 
only  one  antibody  causing  both  the  4  and  72  hour  PCA  or  2  antibodies, 
one  responsible  for  the  4  hour  PCA  and  another  for  the  72  hour  PCA  was 
still  undetermined.  CXir  present  experiments  strongly  suggest  that  PCA 
reactions  induced  after  a  short  sensitization  period  are  due  to  7S  7l 
antibody  whereas  the  72  hour  reactions  are  due  to  another  antibody  re¬ 
quiring  a  longer  sensitization  period  to  elicit  an  anaphylactic  r  ponse. 
This  observation  lsjplies  that  under  the  experimental  conditions  used, 
the  reagln-llke  antibody  was  not  able  to  induce  PCA  within  2  hours  after 
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sensitization.  However,  this  does  not  necessarily  imply  that  a  purified 
or  more  active  preparation  of  the  reaginic  antibody  would  not  be  able  to 
induce  PCA  reaction  within  a  short  sensitization  period.  The  present 
results  also  provide  an  explanation  for  previous  observations  showing 
that  heating  of  mouse  antisera  containing  reagin-like  antibody  did  not 
change  the  PCA  titer  when  reactions  were  elicited  2  to  4  hours  after 
sensitization  although  completely  suppressing  them  when  induced  72  hours 
later.  If  the  present  interpretation  of  our  results  is  correct,  mouse 
reagin-like  antibody  probably  represents  a  new  class  of  antibody  comparable 
to  that  found  in  man,  although  further  experimental  data  are  required  to 
to  establish  this  point. 

3.  Separation  of  mouse  homocytotropic  antibodies  by  biological  screening. 

Mice  produce  2  homocytotropic  antibodies,  a  y 1  heat  resistant  anti¬ 
body  able  to  induce  passive  cutaneous  anaphylaxis  (PCA)  after  a  short 
sensitization  period  and  a  heat  labile  antibody  responsible  for  PCA 
reactions  after  a  long  sensitization  period. 

Recently  we  have  shown  that  absorption  of  mouse  antiserum  with 
rabbit  anti-mouse  y 1  removes  its  ability  to  induce  2  hour  PCA  in  mice 
without  decreasing  its  PCA  activity  in  rats.  Treatment  by  heat,  however, 
destroys  completely  its  ability  to  induce  PCA  in  rats  without  decreasing 
its  2  hour  PCA  activity  in  mice.  Based  on  these  results  we  suggested 
that  the  2  hour  homologous  PCA  activity  of  mouse  antisera  was  due  to 
mouse  yl  and  that  the  rat  PCA  activity  was  probably  due  to  mouse  reaginic 
antibody. 

Previous  attempts  to  separate  mouse  reaginic  antibody  from  mouse 
yl  antibody  by  gradient  chromatography  on  DEAE- cellulose  and  by  block 
electrophoresis  were  only  partically  successful.  Since  reaginic  anti¬ 
bodies  have  a  remarkable  affinity  for  tissue,  we  attempted  to  separate 
the  two  antibodies  by  injecting  mouse  antisera  containing  both  antibodies 
into  normal  mice  and  observing  their  rate  of  disappearance  from  the 
recipients'  sera.  Under  these  conditions  one  would  expect  that  the 
reaginic  antibody  would  be  rapidly  taken  up  by  the  tissues  of  the  recipi¬ 
ent  mice,  but  the  ?1  antibody  would  remain  in  the  serum  for  a  considerably 
longer  time.  In  addition  these  experiments  were  supplemented  by  studies 
of  the  effect  of  heating  and  absorption  with  rabbit  anti-mouse  yl  on  the 
homologous  and  heterologous  (rat)  PCA  activity  of  these  antisera. 

Animals.  Bagg  and  hairless  male  mice  weighing  20-30g  and  Walter 
Reed  strain  albino  male  rats  weighing  150-250g  were  used  throughout. 

Antigens .  Five  times  crystallized  ovalbumin  (Ov)  obtained  from 
Pentex  Inc.,  (Kankskee,  Ill.)  and  an  extract  of  Trichinella  spiralis 
larvae  was  obtained  at  4°C  in  Tris  buffer,  pH  7.TT.  Lyophilized  aliquots 
of  the  finished  product  were  sealed  in  vials  and  stored  at  4°C.  Solutions 
were  made  when  necessary  by  dissolving  the  dry  extract  in  saline  (0.8 
percent  NaCl) . 
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:;i  ite'-n  young  chimp'in-  •  ('Va.  1,  J,  t  <>,  30,  12,  l1',  If, 

22,  38,  )•!,  4?.  anil  1  ")  wer  1  ’ j ■  v. 1  In  those  studies .  rheir  status  « ■  I’  heal  1  h 
at  the  time'  of  exposure  to  j  nfV’;.  I  is  r  with  t*'o  Pii^rt1.  Mean  -train  ol‘  0. 
roans oni  lias  been  describe*!  nterfio'U'.Jy.  Six  .animal s  (Nos.  4,  7,  °,  127  14 
and  597  were  used  as  uninfected  eontvoL  ■ ,  sly  others  (Nos.  3,  2,  5,  8,  3.0 
and  38)  were  given  a  si.iir.li;  exposure  tc  2\  0,  1000  or  0000  cercariae  arid 
necropsy  was  performed  alt'  r  i  ic  V  months-,  and  four  others  (Nos.  IS,  22, 
4l  and  42)  were  exposed  monthly  t-e  100  or  250  cercariae  and  necropsy  was 
performed  24  and  36  month,  alter  the  civet,  exposure .  Five  of  the  ten 
infected  animals  had  been  rpJ on •-•temi/.c-d  previously.  Frequent  physical 
examinations  included  del  ^rn  inal  i on1  el  abnormalltius  in  the  iVc'S, 
changes  in  appetite,  a.l  torntii.r  jp  behavior,  temperature,  weight  and 
performance  of  abdominal  palpation,  1  nJ  I  otlment  and  peritoneal  aspirati1  n 
for  detection  of  ascites.  In  a 'djt i  n,.  asppipp.oseopy,  liver  biopsy  and 
portal  pressure  detm  'l'i  imtion;  were  conducted  /hen  indicated. 

Parasitologic  obsnvvai  ions  in  dueled  stool  egg  counts  (weekly,  or  bi¬ 
weekly  for  Nos.  1,  5,  8  and  Id)  1  ,y  direct  smear  and  AM3  III  sedimentation 
technics  and  determination  of  egg  viability  and  inf  ectid  ty .  At  necropsy, 
worms  were  recovered  and  ••c  uni  .d  and  the  number  of  eggs  per  gram  of  tissu  ; 
in  various  organs  was  dr toj  nined  u,y  lr,v[.  :.j.a  digestion. 

Blood  specimens  were  coll  cted  wo'kiy  during  the  first  year  and 
monthly  thereafter.  Hematologic  pi '..'•.•enures  consisted  of  erythrocyte  and 
leukocyt.e  counts,  difid  rentiel  enumeration-'  and  hematocrit  determinations. 
Biochemical  determinations  included  bromsulpha.lein  clearance,  serum  trans¬ 
aminases  (SG0T,  GGPT ) ,  total  serum  protein  arid  electrophoresis. 

Microaggrcgated  22c;j  labeled  human  serum  albumin  was  used  to  measure 
blood  volume  and  hepatic  bloc  I  flow  on  two  occasions  during  the  last  month 
before  the  animals  ...ere  k .tiled.  Four  uninfected  controls  and  four  in¬ 
fected  animals  wore  studi'd.  Dices  of  0.0? 5  and  0.050  mg  albumin  per  kg 
body  weight  were  used  fur  i ho  two  sets  of  determinations .  The  batch  of 
albumin  used  has  been  described  in  detail  by  Briner. 

The  portal  pressure  was  measured  under  phencyclidine  hydrochloride 
anesthesia.  A  20  ga.  needle  connected  by  saline- billed  tubing  to  a  spinal 
fluid  manometer  was  inserted  into  a  cranch  of  the  inferior  mesenteric  vein. 
Duplicate  readings  obtained  with  the  initial  level  in  the  manometer  above 
and  below  the  point  of  equilibrium  were  averaged  for  mean  portal  pressure 
values . 

Serologic  determinations  by  the  fluorescent  antibody  test  (FAT)  were 
accomplished  with  strict  adherence  to  the  described  method.  Passive 
cutaneous  anaphylaxis  (PCA)  reactions  using  cercarial  extracts  as  antigen 
were  studied  as  described  previously. 

The  following  reagents  wore  prepared  and  tested  for  their  sensitivity 
and  specificity:  1)  fluorescein  labeled  ml  hit  antibodies  to  chimpnnrv  '• 
gamma  G  globulin;  ?)  11  tomsc  d.n  l-!-  ltd  ral  bit  antibody  to  chimpanaec 
beta  1  C  globulin;  3)  il uorose  -.in  labeled  globulin  from  chronically 
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infected  chimpanzee::  for  detection  of  schistosome  anti  pen"..  Freshly  pre¬ 
pared  frozen  sections  of  liver,  lunms,  kidneys  and  spleen  (when  available) 
from  chimpanzees  Nos.  2,  2P,  34  find  42  were  examined  with  these  reagents 
in  the  direct  immunofluorescent  technic. 

Pathologic  studies  were  conducted  by  needle  biopsy,  surgical  biopsy 
and  necropsy.  Since  needle  biopsies  yielded  only  limited  histopathologic 
information  other  than  confirmation  of  active  infection  and,  in  some 
instances,  of  portal  fibrosis,  they  were  discontinued  after  two  years. 

At  necropsy,  all  major  organs  were  dissected  free  and  weighed,  and  speci¬ 
mens  were  collected  for  organ  egg  assays  and  for  histopathologic  studies. 
All  tissue  collected  for  histopathologic  studies  were  fixed  in  buffered 
10 %  formalin  and  stained  with  hematoxylin- eosin.  Multiple  sections  for 
portions  of  the  colon,  small  intestine,  liver,  lung  and  pancreas  wore 
prepared.  Liver  and  lung  specimens  were  also  stained  with  Masson's  tri¬ 
chrome,  Wilder's  reticulum  and  Verhoeff-van  Gieson  elastica  stains. 

1.  Parasitologic  observations.  As  reported  earlier  the  onset  of 
patency  and  fecal  egg  excretion  varied  individually  and  were  somewhat 
related  to  the  size  of  exposure.  Each  of  the  chimpanzees  exposed  to 
monthly  infections  gradually  increased  its  egg  output  during  the  first 
24  months  and  subsequently  maintained  reasonably  steady  average  egg  counts 
over  the  period  of  observation  up  to  36  months  following  the  first  ex¬ 
posure.  By  far  the  highest  egg  output  was  observed  in  chimpanzee  No.  4l. 
Although  chimpanzees  Nos.  22  and  42  excreted  considerably  fewer  eggs  than 
did  No.  4l,  they  passed  many  more  eggs  than  did  No.  3^  which  demonstrated 
only  minimal  clinical  manifestations  throughout  the  course  of  infection 
and  the  least  degree  of  pathologic  alterations.  In  all  but  two  animals 
(Nos.  2  and  22)  eggs  appeared  in  the  feces  in  greatest  numbers  between 
22  and  27  months  after  exposure.  There  was  little  correlation  between 
the  number  of  cercariae  to  which  the  chimpanzees  had  been  exposed,  the 
number  of  worms  recovered  and  the  mean  number  of  eggs  per  gram  of  feces 
(MNEPGF).  Although  fewer  worms  were  recovered  from  No.  4l  than  from 
Nos.  22  and  42,  the  MNEPGF  for  No.  4l  war.  considerably  greater  throughout 
the  experiment. 

In  the  post  mortem  studies,  most  of  the  schistosomes  were  found  in 
the  distal  branches  of  the  mesenteric  veins  and  were  active  and  well  de¬ 
veloped.  Organ  egg  assays  revealed  a  correlation  between  eggs  in  tissues, 
and  extent  of  clinical  and  pathologic  involvement.  As  in  the  previous 
experiments,  most  of  the  eggs  were  found  in  the  large  intestine  and  in 
the  liver.  The  greatest  number  of  eggs  per  gram  of  tissue  digested  was 
found  in  chimpanzee  No.  4l  while  somewhat  fewer  occurred  in  Nos.  42  and 
22.  Relatively  few  eggs  were  found  in  the  organs  of  animal  No.  3,‘.  It 
is  of  interest  to  note  that  chimpanzee  No.  4l ,  which  showed  evidence  of 
extensive  portal- systemic  collateral  circulation,  had  1V)P  erg.;  gor  gram 
of  lung  tissue  whereas  the  (  thor  animals  ha  1  considerably  fewer  eggs  in 
this  organ.  No  apparent  effects  of  splenectomy  on  tlv  para  it:  logi  ml 
finding-  w<  r<  dote  -ted  in  these  infect i.  ns  . 
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2.  Clinical  observations.  The  clinical  manifestations  of  the 
chimpanzees  exposed  to  a  single  cercarial  dose  and  of  those  with  multiple 
exposures  up  to  2  years  following  infection  have  been  described  previously. 
All  animals  had  proportionate  weight  gains  throughout  the  course  of  the 
infection  with  the  exception  of  chimpanzees  Nos.  4l  and  42.  Several 
months  prior  to  necropsy  and  beginning  at  the  time  when  marked  hepatic 
decompensation  was  observed,  chimpanzee  No.  4l  lost  weight  and  showed 
increasing  muscular  wasting,  jaundice  and  lethargy.  During  the  last  few 
weeks  of  his  life  this  chimpanzee  was  obviously  listless  and  gave  evidence 
of  marked  loss  of  muscular  tone.  The  abdominal  distension  apparent  in 
this  animal  5  months  after  infection  increased  up  to  time  of  death  26 
months  later.  Marked  superficial  abdominal  circulation  was  later  evident. 
Some  abdominal  distension  was  also  observed  in  chimpanzee  No.  42  just 
prior  to  necropsy. 

Hematologic  observations  in  these  animals  were  unremarkable  except 
for  an  increasing  reduction  in  hematocrit  in  No.  4l  and  to  a  lesser  degree 
in  No.  42.  During  the  third  year  of  infection,  the  hematocrit  in  animal 
No.  4l  was  25  per  cent  and  a  reduction  in  erythrocyte  count  was  noted. 

No  intestinal  bleeding  and  no  marked  changes  in  stool  consistency  were 
evident  in  any  of  these  animals. 

No  evidence  of  esophageal  varices  was  noted  by  endoscopic  evaluations 
in  most  chimpanzees.  However,  varices  2  to  4  mm  in  diameter  were  seen 
in  chimpanzee  No.  4l  beginning  at  about  26  or  2.J  cm  from  the  upper  in¬ 
cisors  and  continuing  to  the  esophageal-gastric  junction  at  30  cm.  In 
chimpanzee  No.  42  the  esophagus  had  prominent  superficial  veins  1  to  2  mm 
in  diameter  in  isolated  areas,  and  in  No.  22  increased  surface  vascularity 
was  also  seen;  however,  no  true  varices  were  seen  in  these  two  animals. 

Mean  portal  pressure  and  hepatic  blood  flow  determinations  conducted  in 
a  number  of  animals  near  the  end  of  the  experiment  failed  to  demonstrate 
significant  differences. 

3.  Biochemical  observations.  Monthly  serial  biochemical  tests  were 


performed  from  the  time  of  exposure  until  the  end  of  the  experiment. 
Irregular  mild  elevations  in  the  percent  bromsulfalein  retention  and  in 
serum  transaminase  levels  (SGOT  up  to  110  units  per  ml  and  SGPT  up  to 
50  units  per  ml)  were  observed  on  some  occasions  in  a  few  animals.  These 
findings,  however,  were  not  consistent  and  did  not  correlate  with  the 
intensity  of  the  infection.  Striking  and  consistent  increases  in  total 
serum  proteins  occurred.  In  one  animal  receiving  a  single  exposure  (No.  2) 
the  peak  increase  in  total  serum  protein  occurred  somewhat  earlier  than 
in  the  others.  A  good  example  of  the  relationship  between  worm  burdens 
and  elevation  of  total  serum  proteins  is  chimpanzee  No.  38  which  received 
a  cercarial  exposure  identical  to  that  of  No.  2,  but  yielded  a  much  lower 
number  of  adult  schistosomes  and  demonstrated  elevated  total  serum  proteins 
such  later.  Greater  and  earlier  increases  ccurred  in  chimpanzee  No.  2 
which  harbored  considerably  more  worms  than  No.  38*  Among  the  animals 
given  monthly  exposures,  the  increase  in  total  serum  proteins  was  con¬ 
siderably  greater  in  those  chimpanzees  with  the  greatest  clinical  and 
pathological  abnormalities  resulting  from  infection. 
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A  proportional  decrease  in  serum  albumin  levels  was  observed  in  all 
animals  except  Nos.  2  and  38.  However,  in  most  animals  this  decrease  was 
accompanied  by  an  increase  in  total  serum  proteins  so  that  the  absolute 
amount  of  serum  albumin  did  not  significantly  diminish.  In  chimpanzee 
Nos.  4l  and  42  there  was  a  significant  decrease  in  serum  albumin  values 
despite  the  increase  in  total  serum  protein,  and  values  as  low  as  1.4g/ 

100  ml  were  observed  in  these  animals  before  necropsy. 

No  consistently  significant  differences  were  observed  in  the  amounts 
of  alpha-1,  alpha-2  and  beta  globulins  in  any  of  these  animals.  However, 
marked  increases  in  gamma  globulin  levels  were  observed  after  infection. 

This  increase  occurred  earliest  in  chimpanzee  No.  2.  Elevated  gamma 
globulin  values  were  much  more  marked  in  the  animals  with  heavier  infections, 
reaching  peaks  of  8.1  and  8.2g/l00  ml  in  chimpanzees  No.  4l  and  42,  re¬ 
spectively. 

4.  Serologic  observations .  Fluorescent  antibody  tests  and  tests 
for  the  passive  transfer  of  immediate- type  hypersensitivity  from  chim¬ 
panzees  to  rhesus  monkeys  were  carried  out.  The  results  of  serologic 
findings  on  chimpanzees  following  a  single  exposure  to  S.  mansoni  cercariae 
during  the  first  7  months  of  infection  have  been  reported.  The  time  course 
of  antibody  development  in  animals  with  chronic  infections  was  quite 
similar  for  all  the  chimpanzees.  In  most  cases  antibodies  were  detected 
after  the  second  month  following  exposure,  reached  a  peak  at  approximately 
10  months  following  infection  and  remained  at  a  high  plateau  throughout 
the  coiirse  of  the  experiment.  No  significant  differences  in  peak  titers 
were  observed  between  the  chimpanzees  given  a  single  exposure  and  those 
with  multiple  exposures.  However,  the  early  heavy  worm  burden  in  chim¬ 
panzee  No.  2  resulted  in  a  high  peak  titer  much  earlier  than  in  other 
animals.  Relatively  low  titers  were  observed  for  chimpanzee  No.  38 
beginning  l4  months  after  exposure.  In  all  other  animals,  the  titers 
remained  relatively  constant. 

Cutaneous  reactivity  was  successfully  transferred  by  injection  from 
all  but  one  infected  chimpanzee  (No.  15)  to  recipient  tuberculin- negative 
rhesus  monkeys.  Thirty  minutes  after  intravenous  injection  of  the  dye 
and  cercarial  antigen,  positive  PCA  reactions  characterized  by  local 
edema  and  blue  cutaneous  coloration  were  observed  in  monkeys  passively 
sensitized  72  hours  previously.  This  reaginic  antibody  was  jtargely 
destroyed  by  heating  the  serum  from  the  chimpanzees  at  56°C  for  one  hour 
before  passive  transfer  experiments.  Uniformly  negative  results  were 
observed  when  serum  from  uninfected  chimpanzees  was  employed.  The  time 
course  development  of  reaginic  antibodies  in  the  several  chimpanzees 
tested  varied  considerably.  In  one  animal  (No.  2)  dermal  reactivity  was 
present  8  months  following  exposure  and  persisted  for  the  duration  of  the 
experiment.  In  another  animal  (No.  15),  no  reaginic  antibodies  were 
detected  at  any  time.  In  the  other  4  animals  only  transient  reaginic 
activity  was  demonstrated.  In  none  of  these  chimpanzees  were  reaginic 
antibodies  demonstrated  earlier  than  6  months  after  the  first  exposure. 

Immunofluorescent  studies  of  tissue  from  chimpanzees  infected  with 
S.  mansoni  were  conducted  to  determine  whether  an  immunologic  mechanism 
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could  be  associated  wilh  the  tissue  1  jsions  and  tin  devolopnu.nL  of  pipe 
-Lem  fibrosis.  In  the  liver:;  of  3  chimpanzees  (Non.  2,  22  and  42)  the 
labeled  globulin  from  a  chronically  infected  animal  caused  the  staining 
of  egge  within  the  granulomas  and  ale  fibrous  scars.  However,  fluorescent 
staining  was  detectable  only  in  the  eggs  and  their  immediate  surroundings 
as  described  earlier.  There  was  no  evidence  of  schistosome  antigen  beyond 
the  confines  of  these  gm-  unas.  In  addition,  faint,  staining  from 
gamma  G  and  beta  1  C  glui  s  were  seen  in  some  of  the  fibrous  septa  of 
livers.  However,  the  stain  was  very  faint  and  of  questionable  sign! ('leaner. 

!?.  Pathologic  observations.  The  pathology  of  a  light  schistosome 
infection  (chimpanzee  No.  1)  and  the  early  stages  of  liver  pathology  in 
more  heavily  infected  chimpanzees  at  autopsy  have  been  described.  In 
addition,  the  development  of  fibrotie  hepatic  lesions,  os  seen  during  the 
first  two  years  in  successive  liver  biopsies,  of  heavily  infected  animals 
with  both  single  and  multiple  exposures,  has.  been  described  in  detail. 

The  present  report  deals  with  the  post  mortem  findings,  in  five 
chronically  infected  animals  (Nos.  2,  22,  3 2,  4l  and  42)  and  with  com¬ 
parisons  with  the  corresponding  earlier  biopsy  results.  This  presentation 
will  be  made  in  order  of  decreasing  intensity  of  the  liver  pathology  ob¬ 
served  post  mortem. 

Chimpanzee  No.  4l  was  neeropsied  after  3G  months.  Extensive  develop¬ 
ment  of  collateral  circulation  was  evident.  Dilated  superficial  veins 
were  visible  on  the  abdomen  and  esophageal  varices,  observed  earlier  by 
esophagoscopy,  were  demonstrated  by  latex  injection  post  mortem  to  consist 
of  submucosal  vessels  attaining  0.1  cm  in  diameter  and  subserosai  vessels 
up  to  0.2  cm.  The  spleen,  which  had  been  palpable  antemortem  ami  extended 
to  the  level  of  the  iliac  crest  was  found  at  post  mortem  to  be  enlarged 
(102  g) ,  hard  and  chronieally  congested.  The  hard,  dark  brown  liver 
weighed  b51  g  and  its  left  lobe  extended  2  cm  below  the  costal  margin. 

The  free  margin  of  the  liver  was  sharp  and  its  surface  showed  a  net- like 
accentuation  of  the  lobular  pattern  and  a  slight  nodularity.  The  cut 
surface  of  the  liver,  which  was  sectioned  with  some  difficulty,  revealed 
a  classical  pipe  stem  pattern  with  the  larger  portal  fields  thickened  up 
to  1.4  cm  in  diameter  around  vein  branches  0.2  -  0.3  era  wide.  In  cross 
section  these  fields  appeared  as  scalloped,  whitish  islands.  The  lobular 
liver  pattern  was  otherwise  preserved  and  the  gallbladder  was  normal. 
Histological  examination  demonstrated  granulomatous  involvement  of  the 
small,  middle  sized  and  large  portal  fields.  In  some  of  the  small  ones, 
there  was  substitution  of  portal  radicles  by  granulomas  with  occasional 
endophlebitis .  The  large  tracts,  riddled  with  eggs  and  granulomas, 
showed  profound  alteration  of  the  vascular  pattern  including  virtual 
obliteration  of  some  portal  branches.  Along  the  ma"gin.: ,  these  showed 
fibrous  spurring  in  the  direction  of  adjacent  smaller  fields  and  partial 
fusion  with  them,  a  pattern  characteristic  of  human  pipe  stem  fibrosis 
and  designated  as  stage  4  in  our  classification.  Those  occasional  large 
fields  not  involved  by  eggs  and  pseudotubercles  showed  that  pattern  of 
fibrous  thickening  around  vein  branches  designated  as  stage  3  in  our 
earlier  work  and  described  below  in  more  detail.  Piece-meal  necrosis  of 
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arch  L  lecture  was  «.( In.rwi;  <•  in  n  1  .  rho  hi'  i*  •  I  I  •  ,w  I  !’•  ct$  I  m>n- 
speclfir  ni’crnfii,,  irirJ  (if  ;T*  -j  <  >  r  i  t.j  V"  f  >  >  «ii{  ■  :  mi  h  a*  <  1 1  <.  •<  n  1 1.  in  the 

antemortem  biopsies.  The  KuplTer  ceil;;  alii  i  timUrnl.  pigment.  ho  d  -a  I 
adult;  worms  were  seen  in  any  of  tin:  liver  ;;<*  *1  i.i  ns . 

The  lungs  were  J'lrm  and  rl  ldl-.l  with  partly  grmulur  confluent 
lesions  0,1  to  0.2  cm  in  (iian.el.er,  v i .  ill*-  on  both  the  pleural  and  Liie 
cut  surfaces.  Histologically,  tho.e  e: rr« :  pondeu  to  large,  destructive 
poeiKiotuberele:;  involving  the  wail.;  (f  pr  u-t  ica  I .! y  a  !  I.  of  the  smaller 
arterio:;  from  wtiieh  they  bulged  out.  in  i>  i  ;i  1 ' -  i  i  i; •  •  1  rnechJng  pattern. 

Many  arterial  lamina  were  obliterated,  nnu  their  elastic  layer.':  disrupted. 
Occasionally,  multiple  venulnr  •hnnir  l.  were  fount  in  those  lesione,  but 
throe  wore  not  .".ufi'ieient.ly  di'lnied  to  to  called  nuj'iomatiodH.  The  heart 
weighed  7  )  g  and  the  right  'ontrlep  vie  v<  .i  I  hl.d.eti  d  tral  oeulne  earnae. 

No  worm:  were  foiind  in  the  random  Meg  .•octjou.;  i  >.1111.1  nod  aft. or  perl’uoion . 

The  colon  nhuvi  d  numerous  nearly  <-en''i  lent  ,  finri  submucosal  and 
ueearirnai  subscrosal  nodules.  'Ih.  for:  r  .■/•(•*  n:  sr.c j nted  with  diffuse 
conge. :tion  and  tiny  area;.:  of  ulceration.  Three  lesions  were  les;s  marked 
in  the*  rectosigmoid.  In  the  ileum  an  1  Ijstal  jejunum  there  were  only  a 
few  scattered  lesions  which  hist  ological  h  shewed  .-•eve re  granulomatous 
bilharzial  involvement  affecting  all  layers  i  f  the  gut  well.  A  con¬ 
siderable  proportion  of  the  eggs  w«*ro  cal-ifi  1. 

The  pararectal  and  peri oaorl  j.c  fibrous  tissue  wra;  thickened,  and 
contained  abundant  ..chistosome  eggs  an  1  p;  a  luotauorcies .  The  lymph  nodes 
of  the  mesocolon,  porta  hepatic  and  lung  hylue.  w-r  enlarged,  with  many 
plasma  cells  and  with  reticular  hyp'-rpla.  is.  An  oxyurid  worm  was  found 
in  the  appendix.  Sporadic  Balantidium  col i  were  present  in  the  mucosa, 
but  did  not  invade  host  tissues'!  — 


As  suggested  earlier,  the  post  norte-  c  xaminal  i  one  of  the  other 
chimpanzees  demonstrated  a  widr  range  of  It. 'ions  which  can  he  considered 
as  milder  forms  of  pipe  stem  fibrosis  or  as  its  precursor  stages.  In 
animals  Nos.  22  and  1)2,  the  liver  surface  greenly  shoved  numerous  sub- 
capsular  pseudotubercles,  but  no  granular  it./  or  accentuation  of  the 
lobular  septa.  On  cross-sect! on,  fibrosis  of  the  portal  fieJds  was 
grossly  visible,  but  was  of  a  lesser  u*..groc  than  in  chimpanzee  No.  4l. 

The  fibrous  pattern  was  „icst  prominent  in  the  middle  sized  and  smaller 
portal  fields  and  appeared  as  fine,  spidery-greyish  markings  leaving  the 
lobular  architecture  undisturbed.  In  the  larger  fields,  increased  cuffing 
around  veins  and  greater  density'  were  evident,  although  the  spectacular 
enlargement  and  interconnection  of  portal  tracts  noted  in  chimpanzee  No.  4l 
was  missing.  These  changes  were  s  ibstant.Lvtf  i  ly  the  histological  appear¬ 
ance  of  the  sections .  Granuloma tcu:  involvement  (-1  th  ■  small  portal  tracts 
w.'g  heavy,  and  many  vein  radicles  were  replaced  ay  (.eeulotuhcrcles  or  had 
become  unidentifiable.  Most  of  the  large  an  I  mi  !  :.U  si  sod  portal  fields, 
s.urroun  led  or  bordered  l  y  gratiu  1  omatou;  i>si>ne,  w  re  pn  min*  nt,  tut  were 
generally  devoid  of  eggs  and  granulosa.'  an  i  s' eg-  d  only  the  r.lterati  ns 
corresponding  to  stage  3.  A  few  of  tii*  i  c  ntain  i  :  p<  tty  i.u  il  1  rates 
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composed  mainly  of  lymphocytes  and  other  mononuclear  cells.  In  a  few 
instances,  these  infiltrates  surrounded  narrowed  portal  radicles.  The 
fibrosis  seen  in  these  fields  was  disproportionate  to  their  spotty  in¬ 
flammatory  infiltration,  and  was  characterized  by  dense,  nearly  hyaline 
collagen  fibers  which  tended  to  be  heavier  around  the  portal  veins.  A 
few  of  these  veins  were  so  narrow  as  to  become  unidentifiable  without 
trichroae  staines.  in  the  post  mortem  material,  collagen  deposition  had 
become  heavier  and  denser  than  was  noted  in  the  biopsies.  The  collagen 
fibers  followed  an  orderly,  slightly  wavy  linear  pattern  and  were  not 
concentric.  From  the  periphery  of  the  portal  fields,  fine  fibrous  septa 
radiated  in  the  direction  of  smaller  triads,  in  some  instances  with  con¬ 
tinuous  connections  between  two  or  more  of  them  but  without  affecting 
the  lobular  pattern  or  the  position  of  the  central  veins.  The  latter 
and  especially  the  larger  sublobular  veins  were  sometimes  thickened  by 
collagen  deposited  in  all  three  of  their  layers.  Lymphatic  channels  were 
seen  in  considerable  numbers,  but  were  less  distended  and  prominent  than 
in  the  biopsy  specimens. 

The  colonic  lesions  were  severe  in  both  these  animals.  Grossly,  the 
mucosa  showed  numerous  sessile  nodules  and  elevations  which  were  partly 
confluent  and  of  relatively  even  size  ranging  from  2  -  4  mm.  There  were 
petechiae  and/or  shallow  erosions  df  the  overlying  mucosa,  as  well  as 
diffuse  mucosal  hyperemia.  The  serosa  of  the  most  heavily  involved 
portions  showed  numerous  scattered  whitish  pseudotubercles.  Thickening 
of  the  colonic  wall  was  confined  to  the  mucosa  and  submucosa.  Histo¬ 
logical  examination  revealed  lengthening  of  mucosal  crypts  and  dilation 
of  some  of  them.  There  was  also  massive  egg  deposition  in  the  colonic 
mucosa  and  submucosa,  with  some  lesions  also  affecting  the  deeper  layers. 

In  addition  to  showing  eggs  and  granulomas  in  various  stages  of  evolution, 
the  nodular  lesions  revealed  diffuse  inflammatory  infiltration  with 
lymphoid  cells  and  eosinophils,  as  well  as  increased  vascularity  and 
vasodilatation,  thus  accounting  for  their  polypoid  character.  The  upper 
colon  and  small  intestine  showed  much  smaller  and  more  sporadic  mucosal 
lesions.  The  appendix  was  affected  in  animals  Nos.  42  and  22.  Balantidium 
coll  were  present  in  the  submucosa  of  the  colon  in  No.  22,  but  no  difference 
was  noted  between  lesions  containing  ciliates  and  those  in  which  ciliates 
were  absent.  Many  adjacent  lymph  nodes  were  markedly  enlarged,  some  of 
them  contained  eggs  and  pseudotubercles,  but  showed  reticular  and  lymphoid 
hyperplasia  in  excess  of  their  granulomatous  lesions. 

The  lungs  of  both  chimpanzees  showed  only  sporadic  pseudotubercles. 

In  chimpanzee  No.  42,  a  few  venules  at  the  cardia  were  filled  with 
contrast  medium  injected  during  necropsy,  but  these  did  not  show  varicose 
dilatation.  The  spleen  (No.  42)  and  accessory  spleen  (No.  22)  in  these 
animals  shewed  chronic  congestion. 

In  chimpanzee  No.  2  gross  and  microscopic  pathology  of  the  liver 
were  similar  in  nature  to  that  observed  in  the  two  preceding  animals, 
although  to  a  much  lesser  extent.  There  were  fewer  pseudotubercles 
visible  through  the  capsule;  the  fibrous  thickening  of  the  larger  portal 
fileds  seen  csx  cross-section  was  mild  and  more  widely  scattered,  and  the 
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fine  spidery  pattern  of  the  small  fields  observed  in  Nos.  42  and  22  was 
absent.  Nevertheless*,  the  lesions  were  qualitatively  similar  histo¬ 
logically.  Thus,  this  animal  appeared  intermediate  in  degree  of  hepatic 
pathology. 

The  colonic  pathology  of  chimpanzee  No.  2  was  the  most  severe  of  th? 
series.  The  rectum  showed  only  moderate  lesions.  The  mucosa  of  the 
large  intestine  from  the  sigmoid  through  the  ascending  colon  was  studied 
with  inflammatory  polyps,  mostly  sessile,  but  occasionally  pedunculated 
ranging  from  2  mm  to  over  10  mm  in  diameter.  These  were  tannlsh  pink  in 
color  after  perfusion  and  were  partly  confluent.  Smaller  ncn-polypoid 
lesions  were  present  in  the  ileum  and  jejunum.  The  inflammatory  polyps 
differed  from  those  observed  in  the  preceding  animals  primarily  in  their 
greater  redundancy  and  tendency  to  erode.  Groups  of  Balantidium  coll 
occasionally  invading  the  submucosa  were  found  interspersed  among  the 
schistosome  lesions.  The  same  histological  features  were  evident  and 
granulomas  of  the  muscularis  and  subserosa  were  again  present  . 

Pseudotubercles  of  the  lung  were  observed  only  very  rarely  in 
chimpanzee  No.  2. 

The  liver  of  chimpanzee  No.  38  was  almost  normal  in  gross  appearance 
and  consistency,  except  for  the  presence  of  a  few  scattered  subcapsular 
pseudotubercles  and  some  excess  pigmentation.  The  cut  surface  of  the 
liver  revealed  only  occasional  portal  accentuation  which  was  confined  to 
small  fields  and  best  seen  under  magnification.  The  portal  veins  were 
thin-walled  and  undistended.  Histological  examination  demonstrated 
pseudotubercles,  eggs  or  contracted  fibrous  scars  with  mild  spurring  and 
branching  of  the  field,  on  the  average,  in  every  5th  small  portal  field. 

The  middle  sized  and  larger  portal  fields  were  infiltrated  by  lymphoid 
cells  and  occasional  eosinophils.  These  showed  normal  amounts  of  con¬ 
nective  tissue  and  their  vessels,  as  well  as  the  central  veins,  were  thin 
walled.  The  lobular  and  trabecular  liver  architecture  was  undisturbed. 

The  colon  of  chimpanzee  No.  38  showed  scattered  tiny  submucosa  granules 
representing  pseudotubercles,  each  surrounded  by  a  fuzzy  diffusely  hyper- 
emic  halo  without  nodularity  or  polyp  formation.  Similar  sporadic 
lesions  were  seen  in  the  small  intestine.  Histological  sections  exhibited 
scattered  pseudotubercles,  granulomas  and  mixed  inflammatory  infiltrates 
with  eosinophils  which  resembled  those  seen  in  chronic  mild  human  schisto¬ 
somiasis,  The  deeper  colonic  layers  were  largely  uninvolved  in  the  samples 
studied. 

No  pseudotubercles  were  observed  histolocially  in  random  lung  samples 
of  chimpanzee  No.  2,  although  eggs  were  recovered  by  digestion.  The  spleen 
showed  acute  congestion.  The  esophageal  submucosa  veins  were  normal. 

The  organs  of  all  chimpanzees  not  specifically  described  above  were 
either  unremarkable  or  showed  minor  and  insignificant  lesions,  related 
mainly  to  the  terminal  state  induced  by  anesthesia,  bleeding  and  operative 
manipulation. 
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In  summarizing  our  observations,  primary  emphasis  is  given  to  3 
aspects  of  the  study:  l)  the  establishment  of  infection  and  the  relative 
numbers  and  location  of  eggs  and  adult  flukes;  II)  correlation  of  the 
parasitologic  findings  with  the  clinical  and  pathological  manifestations, 
including  biochemical  and  serolojic  observations;  III)  interpretation  of 
the  data  in  the  form  of  a  working  hypothesis  for  the  probable  mechanisms 
in  the  development  of  pipe  stem  fibrosis  and  suggested  ways  by  which  the 
chimpanzee  model  can  be  utilized  to  answer  some  of  the  remaining  questions. 

I.  Studies  on  adult, p  and  eggs 

Viable  eggs  containing  miracidia  infective  for  suitable  snail  hosts 
were  excreted  in  the  feces  in  a  reasonably  constant  manner  for  the  duration 
of  the  experiment.  As  the  infection  progressed  the  numbers  of  eggs  pro¬ 
duced  by  the  schistosomes  did  not  decrease  significantly,  nor  was  there 
any  indication  that  the  number  of  worms  might  be  reduced  by  a  process  of 
self  cure  as  described  in  rhesus  monkeys.  In  fact,  the  highest  percentage 
of  recovery  of  adult  worms  compared  with  cercarial  exposures  was  obtained 
in  a  chimpanzee  (No.  2)  necropsled  36  months  after  a  single  exposure. 
Similarly,  there  was  no  suggestion  that  acquired  immunity,  if  present, 
interfered  with  the  establishment  of  worms  from  subsequent  exposures. 

Indeed,  except  in  No.  2,  0  higher  percentage  recovery  of  worms  was  ob¬ 
tained  from  chimpanzees  which  were  exposed  to  monthly  infections  (Nos.  15, 
22,  4l  and  42)  than  from  the  animals  receiving  a  single  exposure.  More¬ 
over,  chimpanzee  No.  42  yielded  a  higher  percentage  of  worm  recovery  after 
3  years  and  36  monthly  exposures  than  did  No.  ±5  after  2  years  and  24 
equivalent  exposures.  Schistosome  eggs  were  found  in  all  organs  studied, 
with  heaviest  concentrations  occurring  in  the  liver  and  large  intestine. 

As  anticipated,  the  animal  which  developed  extensive  pipe  stem  fibrosis 
and  portal- systemic  collateral  circulation  (No.  4l)  had  very  large  numbers 
of  eggs  in  the  lungs.  In  general,  there  was  some  relationship  between 
the  number  of  eggs  in  the  tissues,  the  number  of  eggs  excreted  in  the 
feces  and  the  number  of  adult  worms  recovered  post  mortem.  For  example, 
in  the  chimpanzees  which  developed  the  most  severe  pathological  lesions 
(Nos.  22,  4l  and  42),  the  number  of  worms  recovered  and  the  number  of 
eggs  deposited  in  various  organs  was  considerably  greater  than  in  the 
other  animals.  The  relatively  low  concentration  of  eggs  in  the  liver  of 
chimpanzee  No.  4l  may  ha  re  been  caused  by  failure  of  the  trypsin  digestion 
technic  to  completely  free  the  eggs  from  the  dense  portal  fibrous  tissue. 
This  belief  was  supported  by  the  results  of  KOH  digestion.  After  KOH 
digestion,  3081  eggs  per  gram  of  liver  were  found  in  chimpanzee  No.  4l  as 
compared  with  1307  eggs  per  gram  in  No.  42  and  1020  eggs  per  gram  in  No.  22. 
The  high  concentration  of  eggs  in  the  feces  of  chimpanzee  No.  4l  predi¬ 
cates  against  the  theory  that  in  cases  of  Symmer's  fibrosis,  eggs  concen¬ 
trate  in  the  liver  because  of  the  inability  to  reach  the  intestinal  lumen. 

It  is  noteworthy  that  in  the  animals  with  early  or  late  pipe  stem  fibrosis, 
there  was  no  evidence  of  increased  deposition  of  eggs  in  the  small  intes¬ 
tine,  as  observed  in  human  autopsies. 
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II .  Clinical  and  pathologic  observations 

The  serum  biochemical  findings  in  Infected  chimpanzees  contrasted 
in  some  important  respects  with  the  biochemical  observations  reported  for 
mice  with  schistosomiasis.  For  example,  no  consistent  significant  alter¬ 
ations  in  the  percent  of  brcmsulphalein  retention  or  in  the  levels  of 
serum  glutamic  pyruvic  transaminase  or  serum  glutamic  oxalo-acetic 
transaminase  were  detected  in  chimpanzees.  On  the  other  hand,  the  sig¬ 
nificant  increases  in  total  serum  protein  and  in  gamma  globulin  concen¬ 
trations  recorded  previously  in  mice  were  also  observed  in  infected 
chimpanzees.  These  alterations  were  much  more  dramatic  in  the  chimpanzees 
than  they  were  in  the  mice  and  reached  levels  never  reported  previously 
for  schistosomiasis  in  man  or  experimental  animals.  This  was  particularly 
evident  in  the  two  severely  diseased  chimpanzees  (Nos.  4l  and  42)  in  which 
total  serum  protein  levels  as  high  as  12.6  and  12.8  g/100  ml  and  gamma 
globulin  values  of  8.1  and  8.2  g/100  ml,  respectively,  were  recorded. 

The  great  increase  in  globulin  concentration  in  the  absence  of  corres¬ 
ponding  increases  in  albumin  produced  strikingly  reduced  A/G  ratios. 

These  were  more  evident  in  the  animals  with  heavier  infections  and  became 
more  marked  with  passage  of  time.  Ratios  as  low  as  0.18  were  observed  in 
chimpanzee  No.  4l  and  as  low  as  0.20  in  chimpanzee  No.  42. 

The  hyperglobulinemla  found  in  most  of  the  infected  chimpanzees  was 
accompanied  by  a  striding  degree  of  lymph  node  reticular  hyperplasia  and 
plasmocytosis,  particularly  of  the  mesenteric  and  retroperitoneal  lymph 
nodes.  This  appeared  disproportionate  to  the  number  of  eggs  deposited  in 
such  nodes.  A  tendency  to  extensive  lymph  node  invasion  and  hyperplasia 
was  also  observed  in  a  group  of  chimpanzees  infected  with  |5.  hematoblum 
(unpublished  data) . 

Our  studies  revealed  that  the  time- course  development  of  antibodies 
detected  by  passive  cutaneous  anaphylactic  reactions  is  unrelated  to  the 
magnitude  or  manner  of  exposure  (whether  single  or  repeated),  to  the 
intensity  of  infection  as  determined  by  worm  burden,  or  to  the  evolution 
of  the  disease. 

The  liver  histqpathology  of  these  chimpanzees  was  similar  to  that 
observed  at  autopsy  in  heavily  infected  humans.  Certain  lesions  first 
categorized  in  the  course  of  this  experimental  study  have  also  been 
recognized  previously  in  human  specimens,  particularly  the  satge  3  portal 
_esion,  i.e.  fibrosis  of  middle-sized  and  larger  portal  fields  in  the 
absence  of  local  egg  deposition.  In  some  human  livers  examined  in 
earlier  studies,  this  lesion  was  persistent  in  a  few  fields;  however, 
most  showed  advanced  stage  4  portal  lceicns  resembling  those  described 
in  chimpanzee  No.  4l.  This  finding  agrees  with  Raso's  and  Cheever's 
observations  that  eggs  concentrate  in  the  portal  fields  characteristically 
in  the  advanced  stage  of  human  pipe  stem  fibrosis.  Both  in  the  chimpanzee 
and  in  human  autopsy  specimens,  there  was  marked  individual  variation  in 
the  degree  of  hepatic  involvement  and  fibrosis. 
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According  to  a  recent  report  by  Neves  and  Raso  pipe  stem  fibrosis 
and  portal  hypertension  can  occur  as  early  as  130  days  after  the  acute 
"toxemic"  stage  of  human  schistosomiasis.  It  is  therefore  not  surprising 
that  some  of  our  chimpanzees  began  showing  early  liver  fibrosis  within 
7  months  of  their  first  exposure,  and  that  fully  developed  fibrosis 
occurred  in  approximately  2  years. 

From  the  limited  observations  now  at  hand,  portal- systemic  collateral 
circulation  seems  to  develop  more  promptly  and  effectively  in  the  chimpanzee 
than  in  man.  However,  despite  evidence  of  significant  presinusoidal 
portal  pathology  in  many  of  these  animals,  elevation  of  portal  pressure 
was  not  detected.  The  demonstration  of  extensive  connections  between 
hemorrhoidal  and  intrarachidial  veins  in  one  of  our  animals  suggests  that 
the  development  of  collateral  venous  systems  in  the  chimpanzee  deserves 
further  study.  The  development  of  submucosal  esophageal  varices  in 
chimpanzee  No.  4l  is  of  interest.  Similar  experiments  might  provide  a 
method  for  the  experimental  production  of  this  lesion  without  resort  to 
major  vascular  surgery,  and  thus  might  help  in  arriving  at  a  better 
understanding  of  the  pathophysiology  of  this  complication  commonly  found 
in  various  forms  of  human  liver  fibrosis. 

One  is  impressed  with  the  relative  severity  of  bilharzial  pathology 
in  the  colon  of  the  chimpanzee.  The  extent xve  development  of  inflammatory 
pseudopolyps  seen  in  Nos.  2,  22  and  42  resembled  the  human  lesions  reported 
from  the  Egyptian  focus;  such  lesions  appear  to  be  very  rare  in  the 
Brazilian  focus,  and  in  South  Africa  and  Venezuela.  In  man  they  are 
generally  less  densely  aggregated.  Similar  pathology  was  seen  in  a  group 
of  chimpanzees  necropsied  7  months  after  their  first  exposure  to  S. 
hematobium  in  our  laboratory. 

III.  The  evolution  of  infection  with  S.  mansoni 


These  studies  on  chronic  schistosomiasis  in  a  singly  and  repeatedly 
exposed  chimpanzees  have  permitted  observations  analogous  to  those  of  a 
severely  infected  human  population,  but  with  the  advantage  that  many  of 
the  variables  which  are  always  encountered  in  humans  living  in  endemic 
areas,  such  as  dietary  deficiencies,  concurrent  infections  and  the  time 
and  size  of  exposures  could  bp  better  controlled.  These  experiments 
have  given  further  insight  into  the  natural  history  of  bilharzial  liver 
disease  and  have  suggested  ways  by  which  the  pathogenesis  of  this  in¬ 
fection  occurs. 

Serial  biopsies  showed  that  egg  deposition  in  the  liver  began  in 
the  distal,  small  portal  fields  and  vein  radicles.  In  these  areas  much 
of  the  fibrous  proliferation  occurred  around  granulomas  or  in  egg-related 
inflammatory  infiltrates.  Unexpectedly,  the  onset  of  fibrosis  in  the 
middle-sized  and  larger  portal  fields  was  found  to  precede,  rather  than 
follow,  local  egg  deposition.  This  stage  of  pipe  stem  fibrosis,  previ¬ 
ously  designated  as  stage  2  is  of  uncertain  pathogenesis.  Ultimately, 
however,  even  the  larger  and  more  proximal  branches  of  the  portal  tree 
were  affected  so  that  the  eggs  became  concentrated  primarily  in  the 
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fibrous  tracts  of  the  liver.  In  the  chimpanzee  and  in  human  material 
studied  by  Raso  and  Cheever,  there  was  a  lack  of  concentration  of  eggs 
in  portal  tracts  prior  to  the  development  of  pipe  stem  fibrosis. 

A  histological  analysis  of  the  stage  3  fibrotic  portal  change  re¬ 
veals  primarily  a  paucity  of  lymphoid  cell  infiltrates  accompanied  by 
many  dilated  lymph  vessels  and  a  wavy,  parallel  arrangement  of  the 
collagen  fibers  whose  initial  predilection  for  the  adventitia  of  the 
portal  vein  was  first  observed  in  biopsy  material.  This  rather  diffuse 
fibrotic  lesion  is  reminiscent  of  the  sclerosis  seen  in  long  standing 
passive  congestion  or  in  lymph  stasis,  although  neither  hemosiderin  nor 
lipid-laden  macrophages  were  seen  here.  The  lesions  appear  to  coincide 
with  widespread  granulomatous  involvement  of  the  smaller,  satellite  portal 
fields  branching  off  the  larger  triads  and  with  encroachment  or  obstruc¬ 
tion  of  the  smallest  portal  radicles  by  granulomas. 

Hepatic  blood  flow  in  human  cases  of  hepatosplenic  schistosomiasis 
has  been  found  to  be  normal  by  Ramos  et  al.  and  by  Mousa  et  al.,  and  to 
be  decreased  by  Razzak.  Portal  pressure  was  not  significantly  elevated 
in  these  chimpanzees  and  total  estimated  hepatic  blood  flow  was  normal. 
Even  when  marked  portal  obstruction  and  portal  hypertension  are  present, 
as  in  heavily  infected  mice,  increased  arterial  flow  apparently  compen¬ 
sates  for  diminished  portal  flow.  In  the  chimpanzee,  it  is  possible  that 
circulation  in  the  intrahepatic  sector  of  the  portal  tree  proximal  to 
the  narrowed  radicles  might  be  sluggish  enough  to  produce  endothelial 
damage  and  increased  venular  permeability.  Initially,  this  might  be 
compensated  by  accelerated  lymphatic  flow,  but  it  eventually  would  stimu¬ 
late  desmoplasia  in  the  adventitia  of  the  vein  subsequently  spreading  to 
the  entire  portal  field.  In  analogous  situations,  e.g.  in  stasis 
dermatitis  or  in  elephantiasis,  fibrosis  is  believed  to  be  related  to  the 
seepage  of  macromolecular  lipoproteins  or  chylomicrons  into  the  extra- 
vascular  interstitium  over  a  long  period  of  time.  Several  observers, 
including  Bogliolo  have  noted  dilated  lymphatics  in  portal  spaces  in 
early  human  pipe  stem  fibrosis. 

It  seems  unlikely  that  portal  fibrosis  during  stage  3  is  elicited 
by  antigen- antibody  complexes,  since  in  contrast  to  the  findings  of 
Magalhaes  Filho  et  al.,  we  were  unable  to  demonstrate  diffuse  antigen  or 
significant  fixed  gamma  globulin  localization  in  these  sites.  Further¬ 
more,  the  inflammatory  infiltration  was  milder  than  that  usually  associated 
with  "immune  complex  disease"  and  the  fibrosis  was  relatively  delayed. 

Although  delayed  hypersensitivity  in  the  mouse  has  been  related  to 
granuloma  formation  and  the  latter  to  periportal  fibrosis,  its  role  in 
the  development  of  pipe  stem  fibrosis  in  the  chimpanzee  has  not  yet  been 
demonstrated.  In  this  animal,  periportal  fibrosis  precedes  the  deposition 
of  a  large  number  of  eggs  in  the  portal  areas  and  would  appear  to  have 
a  different  pathogenesis. 

In  any  case,  none  of  the  proposed  explanations  discussed  above  can 
be  dismissed  with  the  evidence  available  thus  far,  nor  can  alternative 
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new  theories  be  refuted.  It  would  be  desirable,  as  a  first  tep  ,  t 
investigate  the  dynamics  of  intrahepatic  portal  blood  flow  ic  a  m. 
chimpanzees  and  in  animals  showing  progressive  stages  of  ea-jerjjaeata. 
bilharzial  pipe  stem  fibrosis  using  selective  modern  citheterlutlca 
technics  which  would  permit  the  measurement  of  portal  pressure  la  s*a.  i 
size  distal  vessels.  Studies  of  the  portal  lymph  flew,  of  va*~a«ar 
permeability  and  further  immunological  ar>i  inufi.tl:tute<d  a.  stables 
would  also  be  desirable. 
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rabbit  were  found  unable  to  sustain  antigen- induced  histamine  release 
when  added  to  platelets  from  normal  animals,  though  neutrophils  were  used 
in  a  concentration  three  times  greater  than  the  total  blood  leukocytes 
from  the  same  animal.  The  blood  leukocytes  gave  distinct  histamine  re¬ 
lease  when  added  to  platelets  from  the  same  normal  rabbit  used  with  the 
peritoneal  neutrophils.  Macrophages  from  a  mineral  oil- induced  peritoneal 
exudate  of  infected  rabbits  were  also  unable  to  substitute  for  blood 
leukocytes  in  giving  antigen- induced  histamine  release  from  platelets. 

Although  these  experiments  made  it  clear  that  neither  peritoneal 
exudate  macrophages  nor  neutrophils  from  infected  animals  could  interact 
with  platelets,  the  possibility  remained  that  the  corresponding  cells  from 
the  blood  might  be  active.  Therefore,  the  cell  types  in  the  leukocyte 
fraction  of  the  buffy  coat  were  separated  and  tested  for  their  ability 
to  interact  with  platelets  from  normal  animals.  The  results  of  one  such 
experiment  are  seen  in  Table  16. 

The  results  in  Table  1 6,  which  are  similar  to  those  in  two  other 
experiments,  show  that  a  mixture  of  neutrophils  and  monocytes  was  unable 
to  sustain  histamine  release.  The  lymphocyte  fraction,  however,  was 
capable  of  giving  as  good  an  antigen-induced  histamine  release  from 
platelets  as  the  whole  leukocyte  fraction.  The  lymphocyte  fraction  was 
contaminated  with  4  percent  neutrophils.  It  might  be  argued,  therefore, 
that  although  neutrophils  alone  or  with  macrophages  are  inactive,  the 
4  percent  neutrophils  are  required  in  order  to  allow  the  lymphocytes  to 
exert  their  effect  on  the  platelets.  In  order  to  eliminate  this  possi¬ 
bility,  a  pure  lymphocyte  population  from  blood  of  infected  rabbits  was 
isolated  and  tested  for  its  ability  to  allow  antigen-induced  histamine 
release  from  normal  platelets. 

The  results  of  one  such  experiment  using  pure  lymphocytes  are  seen 
in  Table  17 .  Here,  no  other  kind  of  leukocyte  contaminated  the  lympho¬ 
cyte  fraction.  When  added  to  platelets,  the  sensitized  leukocytes  from 
which  the  lymphocytes  were  obtained  gave  0.40  of  histamine  release 
upon  addition  of  antigen;  the  pure  lymphocyte  suspension  added  to  plate¬ 
lets  gave  1.06  ug.  The  great  increase  in  histamine  release  afforded  by 
the  lymphocyte  suspension  can  be  ascribed  to  the  larger  number  of  lympho¬ 
cytes  compared  to  those  in  the  total  leukocyte  fraction.  This  is  borne 
out  in  subsequent  experiments  in  which  the  amount  of  histamine  release 
was  found  to  be  linearly  related  to  the  number  of  pure  lymphocytes  added 
to  a  constant  number  of  platelets. 

The  Initial  observation  by  Schoenbechler  and  Sadun  that  a  pure 
platelet  suspension  from  rabbits  infected  with  S.  mansoni  is  unable  to 
release  histamine  on  the  addition  of  antigen  waT  confirmed.  These  results 
also  confirm  similar  findings  in  rabbits  immunized  with  ovalbumin,  re¬ 
ported  by  Siraganian  and  Oliveira.  Thus,  the  conclusion  by  Barbaro  and 
Zvaifler  that  the  platelet  can  be  sensitized  by  heat- labile  homocyto- 
troplc  antibody  can  no  longer  be  held. 
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rhe  present  findings  also  eoofira  the  previous  observatloa  by 
Schoenbechler  and  Sadun  that  In  order  tc  obtain  Mtlg^laiantf  hi  standee 
from  well-washed  platelets  from  infected  retails,  1  eahnrytss  free  in¬ 
fected  rabbits  oust  be  present.  Leukocytes  free  anal  afrit  lad  -  aaee 

inactive,  although  platelets  frm  norael  rabbits  weed  with  iad«|lsi 
from  infected  anlaals  did  sustain  release  of  histaaiae.  This  ladleatee 
that  it  is  only  the  leukocyte  which  la  seas  ill  ted .  Ike  call  type  feeai 
capable  of  interacting  with  the  platelet  la  this  aaaaar  was  the  specifi¬ 
cally  sensitised  lyaphocyt*.  The  neture  of  this  s  east  tl  so  lisa  is 
pletely  unknown  at  present.  Qae  possibility  is  that  the  ipaph rcyte  is 
passively  sensitised  by  beet-labile  bcaocytotruplc  er  ether  Ueu  e# 
antibody  or  that  the  antibody  responsible  is  produced  bp  the  Vjavhasyte. 

A  further  possibility  is  that  this  iateractiea  is  eaethar  enable  ef 
those  capabilities  of  sensitised  lyephecytes  ehftsh  eaar  eauedhsr  te  be 
related  to  delayed  rather  than  ianedi ate- type  hypersensitivity. 
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the  cells  pre- treated  at  0°C  with  antigen  inactivated  so  that  they  are 
incapable  of  being  activated  if  brought  to  37°C  and  fresh  antigen  added? 

3)  Why  was  there  less  cytotoxic  activity  from  those  leukocytes  "activated" 

at  44°C? 

Experiments  were  set  up  to  answer  the  first  question,  and  it  was 
found  that  low  temperatures  have  a  deleterious  effect  on  the  ability  of 
leukocytes  to  be  activated.  This  was  true  whether  the  leukocytes  were 
incubated  in  the  cold  with  buffer  and  then  reacted  with  antigen  and 
platelets  at  37°C  or  incubated  in  the  cold  with  antigen  and  then  reacted 
with  platelets  and  antigen  at  37°C*  Also,  there  was  an  increase  in 
activation  of  leukocytes  at  0°C  when  the  time  of  activation  with  antigen 
was  extended  from  15  mins,  to  180  mins.  Due  to  the  deleterious  effects 
of  cold,  the  absolute  amount  of  activation  at  0°C  for  180  mins,  was 
distinctly  less  than  activation  at  37°C  for  15  mins.,  however,  the  per¬ 
cent  activation  of  available  sites  at  0°C  for  180  mins,  does  not  differ 
from  the  percent  activation  of  available  sites  at  37°C  for  15  mins. 

Thus,  there  is  a  dual  effect  of  cold  on  the  activation  process;  one,  is 
the  destruction  of  available  sites  and  two,  the  lowering  of  the  rate  of 
activation. 

To  test  if  the  deleterious  effects  of  exposure  to  cold  was  on  stepB 
prior  to  activation  or  on  the  activated  sites  the  following  experiment 
was  conducted.  Leukocytes  were  pre- treated  with  Ifyrode's  solution  or 
antigen  at  37°C  for  15  mins.,  washed,  and  one  aliquot  of  each  was  tested 
immediately  while  a  second  aliquot  was  stored  at  0°C  for  48  hours  before 
testing.  The  results  clearly  established  that  leukocytes  not  "activated" 
with  antigen  lose  all  thier  activity  after  48  hours.  However,  those 
"activated"  with  antigen  prior  to  storage  retain  all  their  cytotoxic 
activity  towards  platelets.  Hence,  the  non-activated  sites  t"e  labile 
to  the  cold  if  not  reacted  with  antigen  but  once  the  process  is  completed 
the  resultant  activated  state  is  quite  stable  at  0°C. 

Several  tentative  conclusions  can  be  drawn  from  the  results  Just 
described.  It  is  clear  that  as  stated  there  are  two  definite,  experimentally 
separable,  steps  in  the  overall  reaction  leading  to  histamine  release. 

The  first  step  involves  the  activation  of  the  sensitized  lymphocyte  with 
antigen;  the  second,  is  concerned  with  the  interaction  of  "activated" 
lymphocytes  with  platelets  to  release  histamine  from  the  latter.  It  is 
clear  that  the  histamine  release  does  not  occur  from  the  production  of 
a  soluble  factor  resulting  from  the  reaction  of  antigen  and  lymphocyte, 
thus  differing  from  some  of  the  other  cytotoxic  lymphocyte  reactions. 

(Xur  experiments  have  not  yet  ruled  out  the  possibility  that  during  the 
Interaction  of  the  "activated"  lymphocyte  with  the  platelet  there  may  be 
produced  a  soluble  factor  which  is  cytotoxic  towards  the  platelets. 

There  are  at  least  two  possibilities  as  to  the  process  by  which 
the  cells  become  activated  by  antigen.  First,  the  antigen  may  merely 
react  with  the  cell  bound  antibody  which,  when  combined  with  antigen, 
becomes  cytotoxic  toward  platelets.  Second,  the  reaction  of  antigen 
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with  cell  bound  antibody  initiates  changes  in  the  cell,  probably  enzy¬ 
matic  and  complex,  which  results  in  an  "activated"  cell.  Preliminary 
experiments  favor  the  latter  hypothesis. 

The  effect  of  time  and  temperature  on  the  rate  of  activation  sug¬ 
gests  a  co«9>lex  enzymatic  process  triggered  by  the  antigen- anti  body 
combination.  The  decrease  in  activity  of  the  lymphocyte  produced  by 
treating  the  cell  with  antigen  at  az  compared  to  treating  it  at 

37°C»  and  the  lack  of  such  an  effect  if  the  cell  is  treated  at  In 

the  absence  of  antigen,  suggests  either,  1)  that  there  is  an  antlgm- 
antibody  triggered  step  that  is  heat  labile  or  2)  the  production  of  an 
inactivator  at  elevated  temperatures ,  which  Is  probably  ceil  t<  j&i. 

The  effect  of  cold  on  the  lymphocyte  cell  Indicate*  there  i*  a  ste[ 
in  the  reaction  which  Is  sensitive  to  cold,  so  that  storage  c  u*  jj. 
phocyte  In  the  cold  in  the  absence  of  antigen  leads  to  (regressive 
inability  of  the  cell  to  respond  to  antigen  at  M g£*r 
fact  that  after  the  antigen- ant  itotj  triggered  artlratd  a  (goes*  u* 
occurred  at  Vf°ct  the  cells  are  statle  In  Ue  v.J  for  at  .east  »*  *»  *-r 
indicates  that  this  cold  sensitive  step  occur*  (rUf  u  u«  fus.  at:* 
ration  step.  Thus,  la  the  react  lem  of  antigen  an:  .jmg*. t«  at  ..a 
temperatures  there  are  two  rea  that  (V'erUg,  etl . •  «aUg«a<aaUtutj 
triggered  activation  Is  Uitiw  [lace.  *.U»vg*  at  a  ..eefe.‘  r*W,  1 1« 
cell  Is  Nrcmlig  less  rea' tire  tj  (iitr.tua  of  tie  .1  »«a.  l  l»« 
sites. 


In  summary.  He  *vu«a  «  |re»sat*t  lei <  <<m*v<t  t ie t  tie  #—•»*»  ./ 
act! vat lcm  of  the  seailtliH  (gaga*.*  tj  antigen  t.  gt »%  *  «  . ,  e*«t  -  • 

of  intemrting  with  platelets  1*  i onf.ee  Hkl  i»<gM 1 1  ■  is  m>w< 

La  ehith  tnferster*  effects  *i  fee  vat  itefs  is  t*u  ivati  f*i  *,*  »i  ‘ 
ferently . 
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•  ••’  .  ;/•■  •  in  the  present  "tudy  to  detect  circulating 

r  .  i  u  •  irr.’un  Uariost  ic  techniques  for  bancroftian 
in.  '  ji-'liled  unsatisfactory  results. 

r-.:  i * Tjent- f i:-:a ti  t  n  and  indirect  heraag- 
■  si.  :  i  I  r  •' nr-  sit i(  n  v  idii  the  presence  or 
i  .•••••:  i a .  n‘  r*  ports  <>n  the  use  of  intraderma.1 

i  ••  i  ins  r-  ults.  rilariasis  skin  testing,  using 
i  i.  .  *  'it1'  ;  i  y  :'a.<.ada,  was  accomplished  on 

:  iiu- a.  !  -it  iv  results  were  obtained  with  this 
’  w : :  ’  in:  linn  fi  1  <ari  ns  i  s ;  and  neighboring 

•  ■  ■  n  t  l-  n  i  ri-  ’ii'  this  ilmecK  all  liad  negative 

.  i'  •  •  *  ••utiin, .y  test,  urine  a  concentrated 
'  ;  ■  '.in.  -a:  anti  gen  was  employed  against 

•  a'.-  •  -iirri  Iti'ni  tilnriasic.  Positive 

!.  i  :■  n.  tent'  -i  in  oniy  10  of  h3  inJ'ected 
r  •••iv-  i-  ;  ■  r: 'cal  i  1  ity  m  the  microf ilarial  sheath 
.  i-  :  r  ■  !  i4;,  i  f  t  },< ■  mi  ro*'il arial  sheath 


•  '  :  .  !••  ir  nntiii  ly  (,‘ArA)  t'  .  t  of  Duxbury 

nnti  - r i s  w-  !  <•  prepare-.)  from  adult 
•is  r  ;•  rit  i  :  y  . i-i .•  et  al  .  Eighty- 
'  •  ;  •  i  it  ■  ;  nn  m.ftian  l‘ii ariasis 

1  •  1 1  '!•••.  ii . ;/  -  ;  '•  ■  nt  of  healthy  North 

i  r  '  a  •  *  >  /  r  n  •  .  ..  (••  suits  indicated  a  higli 

•  '.  i  i  •>:.  •  ''if..  ■  •  at  :  i  i  a)  ion  oi'  this  test  in 

•  !  '•  i  i  r ;  *  :  n  *  i  r. -ins.  .  fisitiv-  n  suits  were  obtained 

i  •  •':.••••  (  i  i,’_  wit  n  ri'Tt  :'i  •  arn.nin ,  compared  with 

•  •  ‘  ’•  .  .  •  r  ••rvinr  in  an  aj  i  ar**nily  non-endemic 


■  •  •  i  i. 

1 1  i  n  •  '  i j  ( 
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’  '  ’  I  i  ’  .  !.  .  ’  t 

1  .  ’  >C 

r  a’  ’  ,  •  • 
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*  i  •  i.  r  "a’nyan  lilnrin  i.  ly  demonstrating 
i  -  v  n’  is-  iy  insi-n.  i  1  iv  method.  Moreover, 
•ci  :  *  n  ■ '  i  nn  l  oir  -urstances  p<  s.e  further 
in  i  li"i  s[  •  -j’-'ii  ’on  he  obtained  from 
•  n  •  .  "'in.  nn  i  ••  has.nrlous.  In  the 

s  *  itlvi'y  rat  .  ■■!  i  «-r  ••«  nt  in  1  37  native 

••  i  •!'  '  iiari'f  in  a  sinrl1  1  loud  specimen 
Ir.  .  1  .•  '  Mi"  liirh  I'-rv t  f  .n  nsitivity  and 

’ )  i  i  4  i  .  r*  a  •t.imis  most,  likely  reflect 
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immune  responses  to  either  human  or  non- human  Filarioidea.  Moreover,  as 
these  subjects  reside  in  areas  endemic  for  bancroftian  filariasis,  it  is 
quite  possible  that  the  high  rate  of  seropositivity  is  causally  related 
to  the  latter  infections.  Unfortunately,  conditions  did  not  permit 
sampling  of  native  residents  in  non-endemic  areas  for  purposes  of  com¬ 
parison. 

In  the  South  Pacific  theatre  during  World  War  II,  filariasis  re¬ 
sulted  in  the  evacuation  of  thousands  of  troops,  with  the  loss  of  tens 
of  thousands  of  man-days.  Symptoms  often  subsided  spontaneously  upon 
evacuation  to  non-endemic  areas;  however,  in  some  individuals,  clinical 
attacks  recurred  for  as  long  as  l6  years  subsequent  to  the  initial 
exposure. 

In  South  Vietnam,  the  significant  rate  of  seroreactivity  to  filarial 
antigens  in  U.  S.  soldiers,  particularly  those  deployed  on  field  duty  in 
endemic  areas,  appears  to  indicate  exposure  to  either  human  or  non-human 
Filarioidea.  Bancroftian  microfilaremia  in  one  soldier  has  already  been 
documented.  This  is  particularly  noteworthy,  as  patent  parasitemia  is 
not  usually  present  until  5  to  12  months  after  the  initial  exposure.  At 
the  present  time,  the  rate  and  degree  of  clinical  incapacitation  from 
acute  filariasis  in  U.  S.  soldiers  deyloyed  in  endemic  areas  is  unknown. 
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The  volunteer  group  consisted  of  24  men  found  to  be  free  of  ADV-7 
neutralizing  antibody  by  tissue  culture  neutralization  teat.  Sixteen 
volunteers  received  the  adenovirus  vaccine  (L-AV-7)  and  eight  volunteers 
received  the  placebo  tablet  on  study  day  0.  Volunteers  were  housed  on 
two  closed  wards  for  the  duration  of  the  study;  each  ward  contained  vol¬ 
unteers  who  received  L-AV-7  and  volunteers  who  received  placebo  enteric 
capsule.  Detailed  medical  histories  and  physical  examinations  were  per¬ 
formed  on  each  volunteer  on  admission  to  the  study  wards.  Complete 
hospital  charts  were  initiated  and  maintained  on  each  volunteer.  Initial 
medical  evaluation  included  an  electrocardiogram,  chest  x-ray  (PA  and 
lateral),  complete  blood  count,  urinalysis  and  throat  culture. 

2.  Vaccine  Virus  used  for  Immunization:  L-AV-7  was  derived  from 
ADV-7  (strain  55142)  propagated  in  human  embryonic  kidney  (HEK)  cells  and 
was  obtained  by  Wyeth  Laboratories  from  Dr.  Robert  Chanock  of  NIAID.  The 
strain  was  passaged  three  times  in  HEK,  then  through  12  passes  In  human 
diploid  fibroblast  cultures  (WI-38),  lyophillzed,  mixed  with  an  Inert 
vehicle,  and  prepared  into  enteric-coated  capsules  (Lot  16  CV-01001,  Wyeth). 
The  capsules  were  shown  to  contain  an  average  of  10^**  TCD50  upon  titration 
of  virus  in  HEK  cell  cultures.  Virus  obtained  from  the  capsules  was 
neutralized  by  hyperimmune  ADV-7  antiserum  in  tissue  culture  neutralization 
tests.  Volunteers  not  receiving  L-AV-7  received  an  enteric- coated  placebo 
capsule  (enteric- coated  press  coat  tablet  Lot  350A-T-138,  Wyeth);  this 
preparation  was  shown  to  contain  no  cytopathogenic  agent  when  a  liquid  sus¬ 
pension  of  it  was  inoculated  into  HEK  tissue  culture  tubes. 

3.  Laboratory  Studies:  Blood  was  obtained  at  0800  hours  on  study 
day  -5,  -3,  0  and  daily  through  day  14  and  then  on  day  18  and  21  for  white 
blood  cell  and  differential  count,  hematocrit  and  platelet  count.  Blood 

was  obtained  at  0800  hours  on  study  day  -5,  -3,  0,  4,  7,  14  and  21  for  total, 
direct  and  indirect  bilirubin,  SGOT,  SGPT,  alkaline  phosphatase  and  BUN. 
Urinalysis  was  obtained  on  admission  to  the  i;tudy  and  dally  thereafter  un¬ 
til  day  14,  then  on  days  16,  18  and  21.  The  above  laboratory  tests  were 
performed  by  standard  laboratory  procedures. 

Blood  was  obtained  on  day  -5,  0,  7,  10,  14,  18,  21  and  35  for  serologic 
studies.  Serum  neutralization  tests  were  performed  on  serum  samples  from 
the  volunteers  in  HEK  tube  cultures  using  ADV-7  strain  A-3-143.  Serum 
neutralization  end-points  were  determined  at  a  time  when  the  test  dose  of 
virus  showed  100  TCD50  in  HEK  tube  cultures.  A  serum  neutralization  test 
utilizing  0  day  and  35  day  serum  samples  from  each  volunteer  was  also  per¬ 
formed  with  32  TCD50  of  the  vaccine  strain  55142.  A  serum  ADV-3  neutraliza¬ 
tion  test  was  performed  on  samples  of  0  day  serum  from  each  volunteer  in 
HEK  tube  cultures  against  100  TCD50  of  strain  442.  Adenovirus  complement- 
fixation  titers  on  0,  21  and  35  day  serum  samples  were  determined  by  stan¬ 
dard  micro-titer  procedures  against  an  antigen  prepared  against  ADV-4 
strain  RI-67. 
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L-AV-7  represents  close  to  the  himan  enteric  infectious  doset  |,  end  thst 
further  evs lust ion  of  L-AV- 7  enteric  vaccine  should  be  performed  with  a 
higher  dosage- 10^* TCDyj-of  vaccine  virus. 


Table  4  Eaperlarntal  ADV-7  Infection  In  Han :  0  Day  ADV-3  N 

Antibody  Titers  in  Immunised  Volunteers 


Serial  ADV-3  Neut  Titers  (No.) 
Croup  Number  <2  2  4  8  16 

ADV-7  Esc  re tors  11  7  112 

hoa-Kacretore  312  2 


The  pattern  of  stool  ADV-7  excretion  in  immunised  volunteers  Infected 
with  L-AV-7  was  found  comparable  to  that  of  ADV-4  vaccine  virus  stool  ex¬ 
cretion  as  reported  by  Chanock,  et  al.  (Table  3). 


Table  3  Caper  inset  a  1  ADV-7  Infection  In  Has:  Comparison  of  Bxcretlon 
of  ADV-7  Vaccine  Virus  with  that  of  ADV-4  Vaccine  Virus  after 
teterlc  bosun  1  sat  ion 
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AM-  7  «m  asM  tec  eeeead  free  the  or  op  ha  ryes  of  immunised  volunteers. 
b»  evidence  ef  ceamwsUsbl  lily  ef  the  vnccine  virus  was  found  in  Chet  the 
eight  placed**  eeluMeose  Pm  else  locked  detocteble  cerm  ADV-7  I  eet ibody 
ons  Pm  mte  he— noS  tegethes  with  the  icmmmlaed  imp  shamed  no  virus  ex- 
cast  ins  and  did  cut  Seeulep  A IV  Cl  h  I  antibody  rises  during  the  course  of 
the  studs 

te  ett  tmnUP  -wlusteete  sees  et  l  eg  A1S-I  vnccine  virus  ia  steel, 
eee^m  t  eMtbidf  (n.  if  Itbyj  ef  the  vnccine  etsele  33142)  wee  present  la 
the  >3  key  cccm  Tttese  ef  cum  S  ant  l heady  is  these  eleven  ana  ere 


comparable  to  serum  ADV-4  N  antibody  titers  in  volunteers  innunized  with 
live,  enteric  ADV-4  vaccine  as  reported  by  Chanock,  et  al  (JAMA  1 9  5 : 44  S , 
1966).  Serum  N  antibody  titers  versus  100  TCD^q  of  a  wild  ADV-7  strain 
(A-3-143)  were  lower,  and  two  of  the  eleven  ADV-7  excretors  lacked  d#w>n- 
strable  N  antibody  at  a  1:2  dilution  in  this  test  system. 

Study  #2.  USAMEDTC  Trainees.  Oct-Dcc  68. 

Abstract. 

A  study  designed  to  determine  1)  the  infectlvity  and  iemunogenicitv 
of  a  living,  enteric-coated  adenovirus  type  7  vaccine  (L-AV-7)  and  2)  the 
infectlvity  and  iaammogenlcity  of  this  vaccine  and  a  living  adenovirus 
type  4  vaccine  (L-AV-4)  given  simultaneously  to  volunteers  was  carried 
out  in  trainee  volunteers  at  the  USAWDTC,  Port  Sam  Houston,  Texas  from 
Oct  68  -  Jan  69.  All  volunteers  were  susceptible  to  ADV-4  and  ADV-7  in¬ 
fections  (serum  N  antibody  <1:2).  Thirteen  volunteers  received  a  placets 
sod  L-AV-7  (lO^-*  TCDjg),  thirteen  received  a  placebo  and  L-AV-4  <10**® 
TCDjo)  and  thirteen  received  both  L-AV-7  and  L-AV-4.  No  illnesses  or 
adverse  reactions  attributable  to  laasunlxation  were  found.  Twelve  of  11 
volunteers  receiving  L-AV-7  and  placebo  excreted  ADV-7  virus  In  stool* 
and  all  13  developed  ADV-7  N  antibody  after  lamamlsatluo.  One  of  these 
volunteers  had  pharyngeal  ADV-7  excretion.  All  13  volunteers  receiving 
L-AV-4  and  placebo  excreted  ADV-4  virus  in  their  stool  and  developed  ADV- - 
serum  N  antibody  post- lmnalsat Ion.  Ten  of  the  12  susceptible  volunteer* 
given  both  L-AV-7  and  L-AV-4  had  stool  ADV-7  excretion  and  developed  ADV- ; 
serum  N  antibody.  Ileven  of  the  12  had  stool  excretion  of  ADV-4  and  elev«. 
developed  ADV-4  serum  I  antibody  post- Inmuni sat  Ion.  Coxseckle  virus  A- 2 1 
infections  were  detected  in  several  of  the  volunteers  near  the  time  of 
immunisation;  coxsackle  A-21  infection  did  not  Interfere  with  intestinal 
Infection  Induced  by  either  L-AV-7  or  L-AV-4. 

Ike  experiment  established  that  the  L-AV-7  capsule  containing  |0*‘4 
TCDjo  was  comparable  in  safety,  infectlvity  and  timngenlctty  to  the 
L-AV-4  tablet  containing  l(r«®  TC(»  currently  la  military  was.  It  alt.* 
established  that  simultaneous  administration  of  L-AV-4  and  L-AV-7  was  aef 
sad  led  to  the  establlshnsnt  of  intestinal  infection  with  both  viruse*  a* 
determined  by  viral  isolation  in  nine  of  the  12  voiue’eers  end  the  develop 
neat  of  sertas  I  antibodies  to  both  viruses  in  ten  of  the  i;  volunteers. 

A,  Pftlg  of  = 

1.  T£jf£njhr££pu| :  Volunteers  were  choem  lt**n  mlistr-l 
of  Conpaay  A- J,  the  v'TC,  Port  tan  Houston,  Texas.  A  >  deplete  »*l 

prehanatve  explanation  of  the  study  and  Its  risks  was  |i»«a  te  the  emiisi** 
nan  by  nna  of  the  reepomaiblo  Invnettgetore.  a  consent  statement,  on  f il¬ 
ia  tha  Department  of  Vi  rue  Dt  sea  see .  MBA  IB .  was  signed  by  sec  b  wl*ei««i. 

The  volunteer  grot*  consisted  of  39  trainees  I  *eU  t#  Ini  eaten  e 
antibody  (aorwn  dilution  1.2)  to  ABV-4  end  APV  - 7  by  tl»e«e  celf-ee 
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ranged  from  one  to  13  days  with  a  mean  of  seven  days.  ADV-4  stool  ex¬ 
cretion  was  detected  in  11  of  the  12  susceptible  volunteers.  ADV-4  was 
first  detected  in  stools  obtained  on  study  day  6;  duration  of  ADV-4  stool 
excretion  ranged  from  one  to  11  days  with  a  mean  .  f  6.5  days.  Stool  ex¬ 
cretion  of  both  vaccine  viruses  was  detected  in  nine  of  the  12  volunteers. 

b)  ADV-7  and  ADV-4  N  antibody  titers:  Ten  of  12  volunteers 
(who  lacked  detectable  serum  N  antibody  to  ADV-4  and  ADV-7  at  0  week) 
developed  ADV-7  N  antibody  three  weeks  post-itanunization;  the  geometric 
mean  titer  was  15.  At  six  weeks  post-in*nunization,  no  further  volunteers 
had  developed  ADV-7  N  antibody  and  titers  were  similar  (geometric  mean  18) 
to  those  at  three  weeks  after  immunization.  Eleven  of  the  12  Group  A 
volunteers  developed  ADV-4  N  antibody  three  weeks  post- immunization  with  a 
geometric  mean  titer  of  five.  At  six  weeks,  ADV-4  serum  N  antibody  was 
still  not  detected  in  the  one  volunteer  found  lacking  antibody  at  three 
weeks;  the  geometric  mean  titer  at  six  weeks  was  13. 

4.  Illnesses  and  Adverse  Reactions  in  Volunteers:  Five  volunteers 
reported  to  the  Dispensary  with  respiratory  tract  symptoms  during  the  course 
of  the  study.  Clinical  findings  and  isolation  results  of  throat  washings 
are  shown  in  Table  6.  No  other  illnesses,  specifically  diarrhea,  or  adverse 
reactions  were  noted  in  the  volunteers. 

5.  Coxsackie  Virus  A-21  Infections  in  Volunteers:  Stool  ex¬ 
cretion  of  Coxsackie  A-21  virus  and  serum  N  antibody  titers  to  this  virus 

in  study  volunteers  are  detailed  in  Figure  5.  It  is  apparent  that  the  study 
was  begun  during  an  outbreak  of  Coxsackie  virus  A-21  in  the  volunteers; 
however,  no  illness  necessitating  sick  call  occurred  in  volunteers  excreting 
this  virus.  As  Is  shown  in  Table  7,  Infection  with  Coxsackie  virus  A-21 
did  not  interfere  with  the  acquisition  of  int**  tinal  infection  with  either 
ADV-7  or  ADV-4  vaccine  virus  and  did  not  Interfere  with  the  development  of 
specific  ADV  serum  N  antibody  after  immunization  with  either  vaccine. 

C.  Discussion: 

This  study  was  conducted  at  the  USAMEDTC,  Fort  Sam  Houston,  at  a 
time  when  mild  respiratory  illnesses  were  prevalent  among  trainees.  Cox¬ 
sackie  A-21  virus  and  a  rhinovirus  were  isolated  from  study  volunteers  and 
it  seems  likely  that  wild  ADV-4  was  also  present  in  the  study  population. 

No  evidence  for  the  presence  of  wild  ADV-7  virus  in  the  trainee  population 
was  found. 

The  Coxsackie  virus  A-21  infections  in.  certain  volunteers  at  the 
commencement  of  this  study  did  not  Interfere  with  the  establishment  of 
intestinal  ADV-4  vaccine  virus  in  these  volunteers.  To  our  knowledge, 
the  effect  of  existing  infection  by  this  virus,  which  is  commonly  isolated 
in  military  trainees,  on  the  infectivity  and  immunogenic ity  of  ADV-4  or 
ADV-7  living,  enteric  vaccines  has  not  previously  been  determined. 

No  adverse  reactions  were  associated  with  the  administration  of  either 
L-AV-4  or  L-AV-7  singly  or  in  combination  to  volunteers.  Pharyngeal 
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develop  ADV-4  serum  N  antibodies  a£ter  immunization  with  L-AV-4  alone 
(Van  Der  Veen,  et  al.  J.  Hyg,  Camb  66:499,  1968).  This  study  extended 
the  observations  reported  in  Study  #2,  this  Report,  that  simultaneous 
administration  of  L-AV-7  together  with  L-AV-4  did  not  significantly  re¬ 
duce  the  immunogenicity  of  the  L-AV-7  vaccine. 

At  a  time  when  ADV-7  was  associated  with  47%  of  febrile  ARD  in  the 
placebo  group  recruits,  L-AV-7  immunisation  reduced  the  febrile  ARD  rate 
by  47%  as  compared  to  the  rate  in  the  placebo  group.  A  96%  suppression 
of  ADV-7  associated  ARD  was  noted  in  the  Type  7  group  as  compared  to  the 
placebo  group,  a  reduction  similar  to  that  previously  noted  in  ADV-4 
associated  ARD  after  immunization  of  recruits  with  L-AV-4  (Buescher,  E.L. , 
Med.  Clin.  N.  America,  1968). 

II.  Adenovirus  Surveillance  Program  Jul  68  -  May  69. 

Laboratory  aspects  of  this  program  were  performed  under  the  direction 
of  COL  Albert  Leibowitz,  MSC,  6th  USAML.  Weekly  ARD  rates  were  calcu¬ 
lated  from  data  obtained  from  the  individual  posts  by  COL  Ralph  Singer,  MC, 
Preventive  Medicine  Division,  OTSG. 

A.  Patterns  of  Acute  Respiratory  Disease  (ARD)  on  Individual  Training 
Posts: 


1.  Fort  Benning:  ARD  was  mild  at  this  southern  post  with  a 
rate  below  1 ,C / 100/week  except  late  December  and  in  March  when  a  peak 
rate  of  2. 2/ 100/ week  was  recorded.  Disease  was  due  to  both  ADV-4  and 
ADV-7.  ALV-4  vaccine  was  not  given. 

2.  Fort  Bliss:  ARD  rates  were  higher  for  more  prolonged  periods 
than  in  the  past  two  years;  and  for  the  first  time  adenovirus  morbidity 
was  seen  before  the  Christmas  period.  The  ARD  rate  in  late  December  ex¬ 
ceeding  3.0/ 100/week  and  after  Christmas  gradually  rose  to  a  peak  of 
6.2/100/week  on  15  March  to  decline  below  3.0/100/week  by  the  end  of 
March.  ADV-4  was  the  predominant  pathogen  isolated  from  30  Nov  68  through 
15  Mar  69.  Although  this  virus  was  isolated  from  <50%  of  hospitalized 
Basic  Combat  Trainees  (BCT's)  during  this  period,  80%  of  BCT's  sampled 

(24  of  30)  showed  ADV  CF  rises  in  February.  In  March,  about  one-third  of 
hospitalized  BCT's  had  ADV  CF  rises,  while  40%  had  serologic  evidence  of 
Influenza  B  infection.  ADV-4  vaccine  was  given  to  all  incoming  recruits 
beginning  8  Feb  68.  By  22  Mar  (when  75%  of  all  recruits  were  immunized) 
ARD  rates  began  to  decline  from  a  peak  of  6. 2/ 100 /week  on  15  Mar  and 
thereafter  ADV-4  was  but  rarely  isolated  from  hospitalized  BCT's  at  this 
post. 

3.  Fort  Bragg:  After  mid-August  68,  few  adenovirus  were 
isolated  until  Jan  69.  The  ARD  rate  remained  below  1.2/100/week  until 
Feb  69  despite  isolation  of  A2/HK/68  influenza  virus  from  BCT's  in 

Dec  68  and  Jan  69  and  serologic  evidence  of  infection  with  this  virus  in 
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307,  of  hospitalized  BCT's  during  this  period.  ARD  rates  rose  to  be* 
tween  3  to  6/100/week  between  mid-February  and  Nay  with  a  peak  of  5.9 
on  22  March.  Disease  was  associated  with  both  ADV-4  and  ADV-7  during 
this  period.  Influenza  B  was  isolated  fro*  BCT's  in  February,  but 
accounted  for  <107.  of  all  hospitalized  ARD  as  determined  by  serology. 

The  ADV-4  vaccine  was  not  used  on  this  post. 

4.  Fort  Campbell:  This  post  was  unique  in  being  the  only 
post  not  using  the  ADV-4  vaccine  in  which  ADV-7  was  consistently  the 
predominant  respiratory  pathogen.  ARD  rates  of  <2  were  seen  in  Dec  68 
associated  with  ADV-7;  the  ARD  rate  rose  to  >10.0/ 100/week  on  8  Feb 
and  declined  to  between  4.0  and  7.0  until  April.  During  this  period, 
both  ADV-4  and  ADV-7  were  isolated  with  the  latter  strain  predominant. 

Two  isolations  of  ADV  Type  21  occurred  at  Fort  Campbell  during  winter 
69. 

5.  Fort  Dlx:  Although  both  ADV-4  and  ADV-7  were  present  in 
July,  ADV-4  became  predominant  from  September- Dec  ember  with  but  rare 
isolates  of  ADV-7  during  this  period.  The  ARD  rate  rose  to  between 

5. 0-6. 0/100 /men/week  in  late  November  and  December.  A2/HK/68  influenza 
was  isolated  in  December,  but  this  virus  was  associated  with  <107.  of 
all  hospitalized  ARD  (as  determined  by  serology)  in  December  and  January 
and  caused  no  disease  thereafter.  ADV-4  immunization  of  incoming  BCT's 
was  begun  on  11  January,  continued  for  7  weeks,  discontinued  for  3  weeks 
(8  March  -  22  March),  and  reinstituted  for  4  weeks.  Despite  the  fact 
that  at  no  time  were  all  BCT's  immunized  with  ADV-4  vaccine,  ADV-4  was 
uncommonly  isolated  after  11  Jan  69.  ADV-7  caused  significant  amounts 
of  ARD  after  1  March  and  the  ARD  rate  varied  from  3. 0-6.0  from  then 
until  mid-April.  ADV  Type  3  was  isolated  from  a  few  BCT's  in  mid- 
February  but  did  not  cause  disease  thereafter. 

6.  Fort  Gordon:  Coxsackie  virus  A-21  was  predominant  from 
August-November  68  but  as  in  past  years,  the  ARD  rate  remained  below 
1.0/ 100/men/week  during  this  period.  The  ARD  rate  rose  to  3.0/100/week 
in  late  December  associated  with  isolations  of  ADV-4,  ADV-7  and  A2/HK/68 
influenza  virus.  ADV-4  was  predominant  in  Jan  69.  ADV-4  immunization 
of  incoming  BCT's  was  begun  on  8  February.  The  ARD  rate  peaked  at  5.6/ 
100/men/week  on  1  March  associated  with  equal  proportions  of  ADV-4  and 
ADV-7  isolates.  By  the  end  of  March  69  (when  all  BCT's  had  been  immunized 
with  the  Type  4  vaccine),  ADV-4  was  rarely  isolated  and  ADV-7  accounted 
for  most  ARD.  The  ARD  rate  dropped  below  1.5/100/week  by  mid-April. 

7.  Fort  Jackson;  The  ARD  rate  rose  from  <1. 0/ 100/men/week  in 
mid-Nov  68  to  3.1/100/week  by  mid-Dec  68,  when  ARD  was  associated  with 
isolates  of  ADV-4  and  ADV-7  in  equal  proportions.  After  Christmas, 
disease  was  due  entirely  to  ADV-4  among  adenovirus,  and  the  rate  rose 

to  a  peak  at  6.2/100/week  on  15  February.  A2/HK/68  influenza  was  isolated 
in  Jan  and  Feb  69,  but  caused  less  than  207.  of  ARD  (determined  by  serology) 
during  these  months.  Incoming  BCT's  were  immunized  with  ADV-4  vaccine 


CommatIbi  1)  February.  At  *  (liw  vttm  7V  of  K1  »  »<rtc  f  alZcW. 

ADV-  7  ADV-4  *nd  t  H*  AJtD  r*tf  began  j  fnJ  .» 1  decline  to 

2.0/  100 /week  by  12  April,  * t  w^icK  t  m*  ADY-4  wit  »  1  <o*er  i»ol*ttd 

froa  hoifltillitd  BCT  ‘  . 

8.  Fort  Kbok:  ARD  vn  virtually  non-niitrnt  frua  Jul  M 
through  Fob  I?  despite  tht  iportdlc  tsoUtioo  of  ADV-4  and  ADV-7  (roa 
BCT'a.  The  ARD  rate  rose  from  1.0/100/week  on  8  March  to  A. 4/ 100/week 
on  22  March;  this  increase  vat  predominant  ly  associated  with  ADV-4 ,  al¬ 
though  some  Isolates  of  ADV-7  were  obtained.  Although  the  AOV-4  vaccine 
was  not  used,  the  ARD  rate  decreased  to  <1 .0/ 100/week  by  mid-May.  TWo 
strains  of  A0V-21  were  isolated  in  April. 

9.  For-  Lewis:  ADV-4  and  ADV-7  were  Isolated  in  near  equal 
proportions  on  this  post  from  Jul  68  through  Apr  69.  The  ARD  rate  rose 
above  1.0/100/week  in  early  November  to  2. 5/ 100/men/week  In  mid-Decaab«r. 
Although  A2/HK/68  influenza  vs-  Isolated  in  Jan  69,  the  rate  reatalned 
below  2.0/100/week  until  mid-February  when  it  rose  precipitously  to 
about  6/ 100/week  and  remained  above  5/ 100/week  throughout  February  and 
March.  In  April  the  rate  gradually  decreased  from  3.0  to  1.5  by  mid- 
May.  ADV-4  vaccine  was  not  used  on  this  post. 

10.  Fort  Ord:  The  ARD  rate  remained  below  1.0/100/week  until 
Nov  68  and  thereafter  gradually  rose  to  a  peak  of  3.6/100/week  in 
December;  disease  was  then  associated  with  ADV-4  and  ADV-7  in  equal 
proportions.  Although  A2/HK/68  influenza  was  isolated  in  Dec  68  and 
Jan  69,  less  than  10%  of  BCT's  hospitalized  during  these  months  had 
serologic  rises  to  this  virus.  ADV-4  immunization  of  inconing  BCT's 
was  begun  on  11  January.  Thereafter  the  ARD  rate  remained  between  1.0 
2.0/ 100/men/week.  ADV-7  became  the  predominant  ADV  isolated  after  mid- 
Feb  69  and  ADV-4  was  no  longer  isolated  at  the  time  when  1007.  of  BCT's 
were  immunized  (15  Mar  69).  A  few  serologic  rises  to  influenza  B  were 
encountered. 

11.  Fort  Polk:  Despite  the  prevalence  of  Coxsackie  virus  A-21 
infections  in  hospitalized  BCT's  from  Jul-Oct  68,  the  ARD  rate  remained 
less  than  1. 0/ 100/men/week  until  30  Nov  68  when  ADV-4  disease  was  pre¬ 
dominant.  A2/HK/68  influenza  was  isolated  from  BCT's  in  Dec  68  and 
Jan  69,  but  only  a  small  proportion  of  hospitalized  BCT's  had  serologic 
rises  to  this  virus.  ADV-4  vaccine  was  given  to  incoming  BCT's  commencing 
11  January.  ADV-7  appeared  when  757.  of  BCT's  were  immunized,  but  ADV-4 
remained  a  significant  cause  of  ARD  until  12  Apr  69,  one  month  after 
immunization  was  achieved  in  1007,  of  BCT's.  A  peak  rate  of  2.4/100/week 
was  encountered  on  22  Mar  69  and  the  rate  declined  below  1,0/100/week 

by  5  Apr  69. 

12.  Fort  Wood;  Although  both  ADV-4  and  ADV-7  were  prevalent 
in  Jul  68,  ADV-4  was  clearly  predominant  after  August.  The  ARD  rate 
rose  above  1.0/100/week  in  mid-October  to  a  peak  of  4.5/100/week  in 
December  and  disease  was  predominantly  due  to  ADV-4.  A2/HK/68  virus 
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xtwlirt  for  <101  of  all  ABO  too? Uallaat  too  la  Doc  M  -  Job  M  ADV-4 
laMluttoa  mi  > nv  In  incoming  BCT's  ob  11  Job  M,  thereafter,  ADV-7 
mi  the  yrifcliiBt  HthogcB  while  A DV-4  mi  hit  rarely  l m lated  after 
ISt  of  BCT's  haf  heea  Imunlsad  The  ABO  rate  roae  gradually  to  4.0/ 
100/tMok  la  Mar;  ABD  was  yrlKlHU;  associated  with  ADV-7 ,  although 
laf  laaasi  I  was  associated  with  shout  201  of  ABO  boap  itsl  is  at  ioo  la  late 
February  ssf  early  March.  The  ABD  rate  reMaiaed  below  2.0/100/week 
after  March. 

I.  Besults  of  lateric  Adenovirus  Type  4  laaaioliat ion  on  BCT  Posts: 

ADV-4  vaccine  was  given  to  incoming  BCT's  on  7  posts  during  1969- - 
Forts  Bliss,  Dlx,  Cordon,  Jackson,  Ord ,  Polk  and  Wood.  In  all  7  posts, 

AOV -A  ims  the  predominant  respiratory  pathogen  prior  to  iununizatlon. 

In  6  of  7  posts,  ADV-4  no  longer  represented  the  predoninant  respiratory 
pathogen  6  weeks  later  (after  751  of  BCT's  had  been  iMninlzed),  and  within 
two  weeks  after  all  BCT's  had  been  isMunlzed,  ADV-4  accounted  for  <51  of 
nil  ABD  hospitalisation.  Only  at  Fort  Polk  was  ADV-4  found  to  cause 
appreciable  ABD  after  10(71  laaunisation  had  been  achieved;  however,  5 
weeks  after  complete  iamunization  of  Polk,  ADV-4  was  no  longer  isolated. 

In  5  posts  (Forts  Dlx,  Gordon,  Jackson,  Ord  and  Wood)  ADV-7  emerged 
5  to  6  weeks  after  the  beginning  of  ADV-4  immunization;  in  two  (Bliss  and 
Polk)  only  a  few  isolations  of  aDV-7  occurred  after  ADV  Type  4  suppression. 
At  Dlx  and  Wood,  ARD  rates  rose  to  above  6/100/week  and  3/100/week  re¬ 
spectively  concomitant  with  the  emergence  of  ADV-7  on  post  and  rates  of 
1.5  -  2.0/100/week  due  to  ADV-7  were  evident  into  May.  In  the  southern 
posts  (Gordon  and  Jackson),  ARD  rates  began  to  decline  coincident  with 
the  emergence  of  ADV-7  and  continued  to  decline  throughout  the  Spring. 

At  Ord,  ADV-7  emerged  in  Feb  69  and  was  associated  with  ARD  rates  between 
1.0  -  2. 0/100/ week  throughout  the  winter  and  spring. 

Thus,  use  of  the  ADV-4  vaccine  resulted  in  the  establishment  of 
ADV-7  as  the  predominant  pathogen  in  5  of  the  7  posts  in  1969.  In  the 
northern  posts  with  a  prolonged  ARD  season,  this  resulted  in  outbreaks 
of  ADV-7  disease.  In  southern  posts  with  shorter  ARD  seasons,  the  emer¬ 
gence  of  ADV-7  coincided  with  the  natural  decline  in  ARD  rates  with  the 
result  that  extensive  outbreaks  of  ADV-7  did  not  occur.  Similar  patterns 
ware  seen  in  these  posts  after  ADV-4  immunization  in  Winter-Spring  1967. 

C.  A9/HK/68  Influenza: 

Respiratory  disease  due  to  A2/HK/68  influenza  virus  was  dis¬ 
tinguished  by  its  lack  of  morbidity  in  BCT  posts.  Although  the  virus  was 
isolated  from  BCT's  at  8  of  the  12  CONUS  training  posts  in  December  and 
January,  adenovirus  was  associated  with  the  majority  of  ARD  hospitaliza¬ 
tions  at  that  time.  Serologic  sampling  of  hospitalized  BCT's  at  several 
posts  confirmed  that  A2  influenza  resulted  in  little  hospitalized  ARD. 

In  the  6  BCT  posts  for  which  serology  was  performed  (Bragg,  Dix,  Jackson, 
Ord,  Polk  and  Wood),  only  10-20%  of  ARD  hospital  admissions  tested  had 
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il|al(lcut  Antibody  responses  to  A./K/U  during  the  period  of  In- 
fluents  p revs lenc e  (December  sod  Jamuary ) . 

The  mesons  for  the  low  Aj/IUL/68  norhidity  ere  obscure  but  severs l 
factors  ssy  in  part  account  for  It: 

1)  Use  of  A2/Alchl/66  nonova  lent  vaccine  in  8CT  posts  cos- 
menclng  in  mid- December  68. 

2)  influence  of  Christmas  lseve  (which  occurred  at  estimated 
peak  of  outbreak)  on  the  transmission  of  the  virus  assong  ICT's. 

3)  Mildness  of  A2/HK/68  disease  in  young  adults. 

4)  Protection  afforded  by  military  polyvalent  influents 
vaccine  against  A2/HK/68  strain.  (This  factor  seems  unlikely  -  see  suc¬ 
ceeding  section  on  A2/HK/68  strains). 

The  relative  role  of  the  first  three  factors  cannot  be  defined  since 
they  were  all  operating  simultaneously  during  the  appearance  of  the 
A2/HK/68  strains  in  BCT  posts. 

D.  Influenza  B: 

Strains  of  Influenza  B  were  isolated  at  two  posts  (Wood  and 
Bragg)  and  serologic  evidence  of  Influenza  B  infection  in  BCT's  was 
found  at  those  two  posts.  Fort  Bliss  and  Fort  Ord.  In  all  four  posts, 
disease  was  limited  to  Feb  or  Mar  69.  Influenza  B  was  associated  with 
about  407.  of  ARD  at  Fort  Bliss,  207.  of  ARD  at  Fort  Wood  and  less  than 
107.  of  ARD  at  Forts  Bragg  and  Ord  during  its  prevalence  on  these  posts. 

From  mid- Dec  68  through  Feb  69,  incoming  BCT's  received  monovalent 
A2/Aichi/68  vaccine  and  hence,  were  not  immunized  against  Influenza  B. 
This  likely  accounts  for  the  outbreaks  of  Influenza  B  recorded  (which 
terminated  shortly  after  polyvalent  vaccine  was  reinstituted);  however, 
representative  Influenza  B  isolates  are  being  characterized  to  explore 
the  possibility  of  a  significant  new  antigenic  Influenza  B  variant. 

III.  Hong  Kong  Influenza. 

Abstract. 


An  outbreak  of  influenza  beginning  in  Southeast  Asia  in  July  1968 
prompted  investigations  into  the  characteristics,  immunogen icity ,  and 
antigenic  composition  of  the  strains  isolated,  A2/HK/68  influenza 
viruses  were  isolated  efficiently  in  Rhesus  monkey  kidney  monolayer  tissue 
culture  and  in  embryonated  eggs.  The  serologic  response  to  A2/HK/68  in¬ 
fection  in  man  resembled  a  primary  antibody  response.  Major  differences 
in  antigenic  composition  of  the  1968  strains  and  A2  strains  isolated  from 
1957-1967  were  shown  by  HI  and  N  tests  with  hyperimmune  rooster  antisera; 
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mo  ati|«U  similar  ley  kstwm  Che  INI  set  alas  amd  tie  1W?  Aj  strain 
cowls  k«  St  sera  tod.  Roc  rul ts  UmusltiS  with  tha  1MI  military  poly 
valaat  voce  loo  hod  suitable  I  astlkoSy  responses  to  a  IMS  strain, 
but  only  1*1  developed  I  antibody  tltars  of  >1:10  to  s  1MI  strain. 

Introduction. 

An  outbmak  of  iafluansa  was  first  detected  In  Hong  Kong  In  July 
19*8.  Strains  with  characteristics  of  Influence  wars  Isolated  from 
patients  by  the  Hong  Kong  Government  Virus  Uhlt  and  prellnlnary  char¬ 
acterisation  of  than  suggested  that  the  outbreak  was  caused  by  a  new 
variant  of  Influensa  A.  The  following  report  describes  investigations  of 
the  characteristics  and  antigenic  composition  of  the  A2/HK/68  variants, 
an  attempt  to  provide  suitable  1968  strains  for  vaccine  production,  and 
an  assessment  of  the  potential  impact  of  these  strains  in  military  per¬ 
sonnel. 

A.  Methods : 

1.  Collections:  Throat  washings  (in  Hank's  balanced  salt 
solution  containing  0.4%  bovine  plasma  albumin)  and  acute  and  convales¬ 
cent  sera  were  obtained  from  airmen  with  influenza  symptoms  at  Korat 
AFB,  Thailand  by  LTC  Thomas  Smith  of  the  SEA  TO  Laboratory  and  shipped 
with  dry  ice  to  WRAIR.  Throat  washings  were  obtained  from  patients  with 
Influenza  symptoms  in  Manila,  the  Phllllpines  by  MAJ  Lloyd  Olson  of  the 
SEATO  Laboratory  and  sent  with  dry  ice  to  WRAIR.  African  green  monkey 
kidney  passages  of  strains  Isolated  from  patients  in  Hong  Kong  were  for¬ 
warded  to  WRAIR  by  Dr.  Ned  Wlebenga  of  the  406th  Medical  Laboratory. 

Serum  was  obtained  from  Basic  Combat  Trainees  at  Fort  Dix,  New 
Jersey  eigh,:  weeks  post- immunization  with  the  1968  military  polyvalent 
influenza  vaccine.  Additionally,  paired  sera  were  obtained  from  an 
additional  group  of  BCT's,  prior  to  and  four  weeks  after  immunization 
with  this  vaccine. 

2.  Virus  Isolation:  Aliquots  of  throat  washings  treated  with 
penicillin  (1000  u/ml)  and  streptomycin  (1000  u/ml)  were  inoculated  into 
monolayer  tissue  culture  tubes  of  primary  rhesus  monkey  kidney  (MK).  The 
MK  tissue  cultures  were  washed  twice  with  Hank's  balanced  salt  solution 
and  fed  with  medium  199  without  serum  prior  to  inoculation.  MK  cultures 
were  observed  dally  for  cytopathic  effect  (CPE)  for  14  days  and  hemad¬ 
sorption  with  guinea  pig  erythrocytes  was  performed  when  CPE  was  observed 
or  at  7  and  14  days.  Aliquots  of  throat  washings  were  also  inoculated 
into  the  allantoic  and  amniotic  cavities  of  9-10  day  RIF-free  embryonated 
eggs.  After  incubation  of  eggs  at  35°  for  three  days,  hemagglutinins  for 
human  type  0  erythrocytes  were  sought  by  standard  techniques.  A  second 
egg  passage  of  allantoic  and  amniotic  fluids  which  did  not  hemagglutinate 
on  first  passage  was  made. 
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3.  Antisera:  Booster  antisera  were  prepered  to  certain  newly 
recovered  viruses  and  certain  older  Influence  strains.  Pairs  of  8-10 
pound  roosters  were  Inoculated  both  Intravenously  and  lntraperltonea liy 
with  3.0  nl  of  undiluted  Infected  allantoic  fluid.  Sera  were  harvested 
10  days  after  Inoculation. 

4.  Serologic  Procedures;  Hemagglutination- Inhibition  (HI)  and 
CF  tests  were  perfonsed  as  reported  earlier  (Weinberger,  et  al,  Proc.  Soc. 
Exper.  Biol.  Med.  U4:413,  1963).  After  preliminary  heating  at  S6°C  for 
30  minutes,  human  sera  were  treated  with  potassium  periodate.  Rooster 
sera  were  tested  after  treatment  with  receptor  destroying  enzyme  (RDE). 

HI  tests  on  human  sera  were  performed  with  four  HA  units  of  A2/HK/I/68 
antigen  and  CF  testa  performed  with  four  units  of  A2/DC/327/6*  antigen. 

3.  Neutralisation  Tests:  Neutralising  antibodies  in  human  and 
rooster  sera  were  measured  in  MK  monolayer  cultures  using  a  hemadsorption- 
inhibition  technique.  Serial  2- fold  dilutions  of  sertan  previously  heated 
to  56°C  for  30  minutes  were  made  in  Hank's  balanced  salt  solution  con¬ 
taining  0.4%  bovine  plasma  albumin.  To  0.2  ml  of  each  dilution  of  human 
serum  was  added  an  estimated  100-1000  hemadsorption  doses  (HAD5Q)  of 
A2/Thai/303/68  (or  A2/HK/l/68)  or  A2/Thai/379/65;  after  incubation  at 
25°C  for  one  hour,  0.1  ml  was  then  inoculated  into  each  of  two  tube 
cultures  of  MK  cells.  In  reciprocal  quantitative  N  tests  with  rooster 
sera,  serial  10- fold  dilutions  of  each  virus  were  mixed  with  equal  volumes 
of  2- fold  dilutions  of  rooster  antiserum.  Mixtures  were  Incubated  at  25°C 
for  one  hour;  0.1  ml  was  then  inoculated  into  each  of  four  tube  cultures 
of  MK  cells.  These  cultures  had  been  propagated  with  10%  calf  serum  with 
added  antiserum  to  sv-5  virus,  and  were  washed  twice  and  maintained  with 
medium  199  containing  penicillin  (100  u/ml)  and  streptomycin  (100  ug/ml) 
prior  to  use.  After  stationary  incubation  at  37°C  for  three  days, 
inoculated  cultures  were  examined  for  CPE  and  tested  for  hemadsorption. 
Cultures  were  washed  once  with  HBSS  and  1.0  ml  of  a  0.17.  suspension  of 
fresh,  washed  guinea  pig  erythrocytes  in  HBSS  was  added.  Erythrocytes 
were  allowed  to  settle  upon  the  cell  sheets  at  4°C  for  30  minutes. 

Chilled  tubes  were  examined  immediately  for  hemadsorption.  Titers  of 
neutralizing  antibody  were  expressed  as  the  highest  dilution  of  serum 
which  completely  inhibited  growth  of  influenza  virus  in  50%  of  the 
inoculated  tubes. 

B.  Results: 

1.  Recovery  of  Influenza  Viruses:  Influenza  A  viruses  were 
isolated  from  14  of  the  19  throat  washings  received  from  Korat  AFB, 
Thailand;  in  eggs  14/19,  in  MK  monolayers  11/19.  The  isolation  efficiency 
in  eggs  and  MK  monolayers  from  Korat  airmen  on  whom  paired  sera  were 
available  is  shown  in  Table  12.  For  practical  purposes,  the  efficiency 
of  isolation  in  MK  monolayer  tubes  was  comparable  to  that  obtained  in 
eggs.  In  addition,  influenza  A  viruses  were  isolated  in  MK  monolayers 
from  2  of  4  throat  washings  obtained  in  Manila,  the  Phillipines. 

Notable  was  the  production  of  cytopathic  effect  by  the  1968  strains  in 
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MK  Monolayers.  All  strains  Isolated  showed  CPE  on  primary  or  second 
passage.  Hemadsorption  was  no  sore  efficient  than  CPE  In  detecting 
Isolates  In  MK  monolayers. 


Table  12  Isolation  Efficiency  of  Hong  Kong  Influenza  Virus, 
Korat  AFB  Outbreak 


Patient's  Neutralizing  (N) 
Antibody  Rise 

Number  Patients 

Isolation  in 

Err  MK  Monolayer 

>  4  Fold 

12 

11 

9 

<  4  Fold 

4 

1 

0 

Total 

16 

12 

9 

Despite  the  plethora  of  A2/HK/68  virus  strains  sent  from  Hong  Kong 
and  Japan  to  CONUS  for  antig  -<ic  characterization,  all  but  one,  Aichi, 
was  unsuitable  as  a  potential  vaccine  candidate  since  they  had  been 
isolated  in  monkey  kidney  tissues  and  could  conceivably  contain  adven¬ 
titious  monkey  agents.  Consequently,  aliquots  of  several  of  the  throat 
washings  obtained  from  Korat  and  Manila  were  made  and  stored  at  WRAIR 
and  as  soon  as  A2  influenza  was  detected  in  them,  uninoculated  throat 
washings  and  the  primary  RIF- free  egg  passages  of  two  of  the  strains  - 
A2/Thai/303/68  and  A2/Phil/304/68  -  were  sent  to  the  Division  of  Biologies 
Standards  to  be  used  as  vaccine  candidates  should  the  Aichi  strain  prove 
unsuitable  as  a  vaccine  strain. 

2.  Serologic  Responses  in  Influenza  Patients:  HI,  CF  and 
neutralizing  (N)  antibody  responses  in  Korat  AFB  patients  are  shown  in 
Table  13. 

It  is  evident  that  both  CF  and  HI  tests  were  inefficient  in  de¬ 
tecting  rises  in  2  week  convalescent  sera.  In  contrast,  4-fold  or 
greater  rises  in  N  antibody  were  detected  in  2  week  convalescent  sera 
of  10/11  patients  from  whom  A2/HK/68  virus  was  isolated.  Many  of  the 
2  week  rises  in  N  antibody  were  minimal  4- fold  increases,  and  were  de¬ 
tected  only  because  all  patients  had  titers  of  <1:5  in  acute  sera. 

Acute  HI  titers  were  higher  in  these  sera  and  probably  the  higher  initial 
titers  measured  by  HI  masked  rises  at  2  weeks.  Pretreatment  of  some 
pairs  of  Korat  sera  with  DEAE-sephadex  reduced  HI  titers  in  the  acute 
sera  to  >1:10,  and  the  proportion  of  HI  rises  after  DEAE  treatment  ap¬ 
proached  the  proportion  of  N  rises  seen  in  2  week  convalescent  sera. 

The  proportion  of  HI  antibody  rises  at  4  weeks  was  more  comparable  to 
the  proportion  N  antibody  rises  and  4  week  convalescent  titers  were  con¬ 
siderable  higher  than  at  2  weeks.  The  slow  HI  and  N  antibody  response 
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•ms  after  Infection  with  A2/HK/68  strains  suggest  that  these  strains 
ware  sufficiently  different  in  antigenic  composition  from  previous  A2 
•  trains  to  elicit  a  primary  type  antibody  response  in  man. 

3.  Antigenic  Analysis  of  Aq/HK/68  Strains:  The  reactions  of 
rooster  antisera  prepared  to  1968  viruses  with  the  hemagglutinins  of 
both  older  prototype  and  newly  Isolated  strains  are  shown  in  Table  14. 

It  is  evident  that  the  antigenic  composition  of  the  1968  strains  is  homo¬ 
geneous.  Antisera  prepared  to  previous  Aj  strains  reacted  weakly,  if  at 
all,  with  the  hemagglutinins  of  the  1968  strains  and  no  inhibition  of 
1968  strains  was  obtained  with  antiserum  to  the  earliest  prototype  A2 
•train  A2/Form/313/S7.  Furthermore,  antisera  made  to  the  1968  strains 
reacted  weakly  with  hemagglutinins  of  previous  A2  strains;  no  inhibition 
of  A2/Form/313/57  hemagglutinins  was  obtained  with  antiserum  to  any  of 
the  four  1968  strains  tested.  Similar  findings  are  apparent  when  strains 
were  characterised  by  neutralisation  reactions,  as  shown  in  Table  15. 

To  determine  whether  differences  between  the  1968  and  older  strains 
suggested  by  these  HI  and  N  tests  were  uniform  and  valid,  the  quantita¬ 
tive  relationships  between  titers  of  rooster  antisera  and  various  viruses 
were  studied.  These  quantitative  .tests  were  done  with  eight  viruses 
(Table  16)  and  antisera  prepared  against  six  of  the  viruses.  In  the 
first  series  of  tests,  the  ability  of  four  antisera  to  neutralize  five 
strains,  one  a  1957  strain  and  four  1968  strains  was  compared  (Figure  8). 
These  tests  showed,  first,  that  the  1968  strains  behaved  homogeneously; 
none  was  neutralized  by  potent  antiserum  to  the  1957  A2  strain  and 
equivalent  virus  doses  of  each  of  the  four  1968  strains  tested  was  neu¬ 
tralized  by  individual  1968  antisera  to  a  titer  varying  less  than  0.5 
log.  Because  homologous  reactions  of  antisera  to  1968  viruses  were 
similar,  it  was  concluded  that  these  strains  were  antigenically  similar. 

Next,  the  reactions  of  antisera  prepared  against  A2/Form/313/57, 
A2/Jap/170/62,  A2/Thai/379/65  and  A2/HK/I/68  were  tested  against  the 
1957,  1962,  1965,  1967  and  two  1968  strains  (Figure  9).  Antiserum  to 
the  original  A2  strain  appearing  in  1957  (A2/Form/313/57)  neutralized 
A2  strains  isolated  between  1957-1967  but  did  not  neutralize  the  1968 
strains.  Although  minimal  neutralization  of  the  1968  strains  by  anti¬ 
sera  of  the  1962  and  1965  strains  was  found,  these  antisera  neutralized 
equivalent  doses  of  the  1957-1967  strains  to  a  much  higher  titer. 

Finally,  antisera  to  one  of  the  1968  strains  neutralized  the  1968  strains 
to  a  much  higher  titer  than  any  of  the  1957-1967  A2  strains  and  did  not 
neutralize  the  earliest  member  of  the  A2  strains,  A2/Form/313/57.  Thus, 
by  HI,  N,  or  quantitative  N  tests,  the  A2/HK/68  strains  were  found  to  be 
remarkably  homogeneous,  but  readily  distinct  from  A2  strains  isolated 
between  1957  and  1967, 

4.  Antibody  Responses  in  BCT's  Immunized  with  Polyvalent 
Influenza  Vaccine:  Since  potent  rooster  antisera  to  A2  strains  isolated 
from  1957-1967  failed  to  neutralize  significantly  the  1968  isolates, 
neutralizing  antibody  titers  to  the  HK  68  viruses  were  determined  in 
recently  immunized  BCT’s  to  investigate  whether  N  antibodies  to  1968 


Tabic  15  Neutralization  (N)  Reactions  of  Rooster  Antisera  with  Influenza  Viruses 
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Table  16  A2  Influenza  Virus  used  In  Quantitative  N  Tests 


Virus 

No.  Passages  in 
Indicated  Host 

Antiserum  Used 

A2/Porm/313/57 

E-6 ,  MK-6 

Yes 

A2/Jap/170/62 

E-7,  MK-6 

Yes 

A2/Thai/379/65 

E-4 ,  MK-7 

Yes 

A2/DC/303/67 

E-2,  MK-3 ,  E-2 ,  MK-6 

No 

A2/HK/l/68 

AgK?  MK-3 

Yes 

A2/HK/ 19/68 

AgK?  MK-3 

No 

A2/Thai/303/68 

MK-3 

Yes 

AgK  -  African  green  monkey  kidney  cell  culture 
MK  -  Rhesus  monkey  kidney  cell  culture 
E  -  Embryonated  egg 


strains  were  induced  by  immunization  with  the  1968  military  polyvalent 
vaccine  whose  major  A2  antigen  was  A2/Taiwan/64.  The  sera  of  50  BCT's 
immunized  8  weeks  previously  were  tested  for  N  antibodies  to  40  HAD^q  of 
A2/HK/I/68;  only  12  were  found  to  possess  titers  of  21:10  and  but  one 
>1:20.  Subsequently,  paired  sera  were  obtained  from  a  sample  of  BCT's 
prior  to  and  4  weeks  after  immunization  and  tested  for  N  antibodies  with 
1000  HAD50  of  A2/HK/I/68  virus.  As  shown  in  Table  17,  only  4 %  (2  of  50) 
BCT's  had  serum  N  antibody  titers  >1:10  prior  to  immunization  and  after 
immunization  only  16%  (8)  possessed  serum  N  antibodies  titers  21:10. 
Paired  sera  of  20  of  these  BCT's  were  tested  against  200  HAD50  of 
A2/Thai/379/65  to  determine  their  N  antibody  response  to  this  virus 
after  immunization.  As  shown  in  Table  17,  all  20  BCT's  had  N  antibody 
titers  of  -2:1:10  prior  to  immunization  and  N  antibody  titers  of  21:40 
after  immunization. 

Thus,  although  immunization  of  BCT's  with  polyvalent  Influenza 
vaccine  produced  high  levels  of  serum  N  antibodies  to  the  1965  A2  strain, 
it  produced  low  or  undetectable  N  antibody  titers  to  the  1968  variant  in 
the  majority  of  BCT's. 

C.  Discussion: 

As  compared  to  some  previous  A2  strains  (notably  the  1967 
isolates),  the  A2/HK/68  strains  were  easily  isolated  in  embryonated  eggs 
and  MK  tissue  culture  monolayers.  Eggs  were  a  slightly  more  efficient 
culture  for  isolation  than  MC  monolayers,  but  difficulties  in  passaging 
the  1968  strains  in  eggs  was  encountered  due  to  their  lethal  effect  on 
chick  embryos.  A  notable  characteristic  of  the  1968  strains  was  their 
ability  to  grow  on  first  passage  in  Mt  monolayers  with  the  production  of 
a  distinctive  cytopathlc  effect. 
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Table  17  N  Antibody  Response  of  Recruits  to  Influenza 
Virus  Vaccine 


Incidence  of  Antibody 

to  Indicated 

Virus 

Pre  ’ 

unization 

Post- Immunization 

196b 

1968** 

1965 

1968 

Antibody  Titer 

1 

1 

% 

A 

>1:10 

100 

4 

100 

16 

>1:20 

90 

2 

100 

6 

>1:40 

70 

100 

2 

>1:80 

40 

90 

>1: 160 

25 

85 

>1:320 

15 

75 

>1:640 

15 

65 

*  A2/Thai/379/65,  200  HAD50 
**  A2/HK/I/68,  1000  had50 

All  BCT's  were  immunized  with  the  military  polyvalent  in¬ 
fluenza  vaccine  containing  100  CCA  units  of  A/swine/1976/31, 
A/PR/8/34,  A^/Ann  Arbor/1/57,  and  B/Lee/40,  200  CCA  units  of 
B/Mass/66  and  400  CCA  units  of  A2/Taiwan/64. 


A  considerable  difference  it.  antigenic  composition  of  the  1968 
strains  compared  to  earlier  A2  isolates  was  found  both  by  HI  and  N  tests. 
Since  the  original  A2  influenza  pandemic  in  1957,  3  influenza  A2  out¬ 
breaks  have  occurred  in  CONUS,  in  1963  (strains  similar  to  A2/Jap/170/ 

62),  in  1967  (strain  A2/DC/303/67) ,  and  in  1968  (strain  A2/HK/l/68). 
Strains  isolated  during  the  first  two  of  these  outbreaks  were  similar 
in  their  antigenic  relationship  to  the  strain  causing  the  previous  out¬ 
break.  Antisera  raised  to  the  earlier  strain  neutralized  the  succeeding 
strain  to  a  titer  comparable  to  the  homologous  strain,  but  antisera  raised 
to  the  later  strain  but  weakly  neutralized  the  earlier  A2  variant.  A2/ 
HK/68  strains  were  not  similarly  related  to  their  preceding  A2  strain, 
A2/DC/303/67 ;  not  only  did  1968  antiserum  but  weakly  neutralize  the  1967 
strain,  but  antiserum  to  the  1967  strain  also  weakly  neutralized  the 
A2/HK/68  variants.  Furthermore,  although  antiserum  to  the  earliest  A2 
strain  A2/Form/313/57  neutralized  1962-1967  strains;  it  failed  to 
neutralize  the  1968  strains,  and  although  A2/Form/313/57  was  neutralized 


to  some  degree  by  antisera  raised  to  the  1962  and  1967  strains,  it  was 
not  neutralized  by  antisera  raised  to  the  1968  strains.  Thus,  the 
A2/HK/68  strains  represent  a  major  shift  in  antigenic  composition  of 
A2  strains.  The  primary  type  antibody  response  in  patients  following 
infection  with  the  1968  strains  reflected  this  significant  antigenic 
change. 

Recruits  commencing  BCT  almost  uniformly  lacked  serum  N  antibody 
to  the  A2/HK/68  strains.  After  immunization  with  the  1968  military  poly¬ 
valent  influenza  vaccine  containing  400  CCA  units  of  A2/Taiwan/64,  only 
16%  of  BCT's  possessed  serum  N  antibodies  to  the  1968  strains  to  a  titer 
of  >1:10.  Thus,  the  standard  military  polyvalent  vaccine  was  not  expected 
to  result  in  protection  against  disease  caused  by  the  1968  strains. 

Despite  the  marked  difference  in  antigenic  composition  between  ftie 
1968  strains  and  preceding  ^  strains,  despite  the  poor  N  antibody  re¬ 
sponse  to  the  1968  strains  produced  by  the  military  vaccine,  and  despite 
significant  influenza  morbidity  in  military  personnel  and  civilians  in 
Asia  and  in  CONUS  civilians,  remarkably  little  morbidity  due  to  A2/HK/68 
influenza  was  seen  in  CONUS  Army  Personnel  (see  adenovirus  surveillance 
section,  this  Annual  Report).  The  reasons  for  this  lack  of  morbidity  are 
obscure;  in  part  it  may  have  been  due  to  the  protective  effect  of  the 
A2/Aichi/68  vaccine  (available  to  some  military  personnel  in  mid-December) 
and  in  part  to  the  fortuitous  occurrence  of  Christmas  leave  shortly  after 
the  beginning  of  the  influenza  outbreak  in  CONUS. 

The  low  incidence  of  influenza  in  CONUS  military  personnel  emphasizes 
that  the  antigenic  differences  in  new  A  influenza  variants  is  not  the  sole 
determinant  of  their  potential  morbidity  in  man,  and  that  predictions  of 
the  magnitude  of  influenza  outbreaks  on  the  basis  of  changes  in  antigenic 
composition  of  the  virus  alone  are  likely  to  be  inaccurate. 

I V .  A  Universal  Method  for  Removing  Non-Specific  Inhibitors  of  Virus 
Hemagglutination  from  Serum. 

The  hemagglutination- inhibition  (HI)  test  is  one  of  the  most  useful 
serological  methods  for  diagnosing  virus  infections.  Many  viruses  patho¬ 
genic  for  man  have  the  ability  to  agglutinate  the  red  cells  of  one  or 
more  species  of  animals.  Among  the  agents  with  this  capacity  are  the 
myxoviruses,  most  arboviruses  and  adenoviruses,  some  enteroviruses  and 
the  organisms  responsible  for  measles  and  rubella.  The  HI  test  has 
several  inherent  advantages  over  complement- fixation  and  neutralization 
assays  for  virus  antibodies.  It  is  simple,  rapid,  and  particularly  well 
suited  to  screening  large  numbers  of  sera.  Since  many  HI  antigens  are 
now  available  from  commercial  sources,  laboratories  that  lack  the  tech¬ 
niques  and  equipment  necessary  for  virus  propagation  can  do  HI  titrations. 

Serum  from  man  and  other  mammals  usually  possesses  inhibitors  for 
the  virus  hemagglutination  reaction  that  are  not  associated  with  specific 
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antibody.  These  inhibitors  are  associated  with  several  components  of 
serum,  some  lipids  and  others  protein.  Since  they  are  often  present  in 
high  titers,  they  must  be  eliminated  from  serum  before  HI  antibody  con¬ 
tent  can  be  accurately  measured.  In  many  cases  the  removal  of  these 
non-specific  inhibitors  has  proved  difficult.  A  variety  of  techniques 
for  removing  them  have  been  developed  but  these  have  not  been  entirely 
satisfactory  since  they  are  often  time  consuming,  may  remove  specific 
antibody  along  with  non-specific  factors,  and  in  many  systems  have 
failed  to  completely  remove  non-specific  inhibitors. 

A  different  approach  to  removing  non-specific  inhibitors  is  des¬ 
cribed  herein.  Instead  of  trying  to  eliminate  only  non-specific  in¬ 
hibitors,  serum  was  treated  in  such  a  manner  as  to  remove  all  serum 
proteins  except  for  the  major  class  of  immunoglobulins.  When  test  sera 
were  mixed  with  the  anion  exchanger  DEAE-Sephadex  all  proteins  except 
the  IgG  globulins  were  bound,  leaving  only  the  latter  protein  in  the 
supernatant  fluid.  The  technique  is  simple,  relatively  inexpensive  and 
rapid  to  perform.  These  studies  show  that  DEAE  extraction  removes  non¬ 
specific  inhibitors  for  influenza,  western  equine  encephalitis,  dengue  2 
and  rubella  vttuses;  theoretically  such  treatment  should  eliminate  these 
factors  for  all  types  of  viruses. 

A.  Materials  and  Methods: 

1.  Preparation  of  DEAE:  DEAE-Sephadex  A50  (Pharmacia  Fine 
Chemicals,  Piscataway,  N.J.)  was  processed  and  equilibrated  with  low 
ionic  strength  buffer  as  described  by  Baumstartk,  et  al.  Specifically 
50  gma  of  DEAE  was  slowly  added  to  6  liters  of  water  in  a  16  x  45  cm 
cylindrical  glass  jar  and  allowed  to  swell  for  at  least  one  hour.  Fines 
were  next  removed  by  suspending  the  beads  of  DEAE  in  this  solution, 
allowing  them  to  settle  for  10  minutes  and  aspirating  the  supernatant 
liquid  down  to  the  barely  discernable  line  separating  the  rapidly  sedi¬ 
menting  beads  from  those  that  settled  more  slowly.  Water  was  added 
back  to  6  liters,  and  the  procedure  was  repeated  6  to  8  times  or  until 
essentially  all  DEAE  settled  rapidly  and  completely  within  10  minutes. 

The  DEAE  was  then  added  to  a  Buchner  funnel  and  successively  washed  with 
1  liter  of  ,5N  NaOH,  3  liters  of  water,  1  liter  of  ,5N  HC1,  3  liters  of 
distilled  water,  and  3  liters  of  .01M  pH  6.5  phosphate  buffer.  The  DEAE 
was  then  resuspended  in  approximately  3  liters  of  phosphate  buffer  and 
washed  twice  with  the  .01M  pH  6.5  buffer  in  the  same  manner  used  to  re¬ 
move  fines.  The  suspension  was  standardized  by  pouring  it  into  a  1  liter 
graduated  cylinder,  and  allowing  the  beads  to  settle  for  one  hour.  At 
this  time  buffer  was  either  removed  or  added  so  that  the  settled  DEAE 
occupied  67%  of  the  total  volume  of  solution  in  the  cylinder. 

2.  Extraction  with  DEAE:  For  each  sera  to  be  extracted  8  ml 
of  evenly  suspended  67%  DEAE  was  added  to  a  40  ml  round  bottom  centrifuge 
tube.  Excess  phosphate  buffer  was  then  aspirated  through  a  1,5  cm  diameter 
glass  tube  that  had  a  .1  cm  thick  disk  of  high  porosity  sintered  glass 
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fused  Into  its  lower  opening  (available  from  Warren  R.  Foater  Laboratory 
Glassware,  15808  Ancient  Oak  Dr.,  Gaithersburg,  Md.).  This  was  placed 
into  the  centrifuge  tibe  and  auction  was  applied.  As  buffer  was  drawn 
into  tne  tube,  the  sintered  glass  filter  was  lowered  onto  the  surface 
of  the  DEAE  beads.  (As  soon  as  bubbles  of  air  were  aspirated,  the  sue* 
tlon  apparatus  was  removed  and  transferred  to  the  next  centrifuge  tube.) 

.5  ml  of  each  serum  to  be  extracted  was  then  edded  to  a  tube  of 
aspirated  DEAE.  The  resulting  slurry  was  vigorously  stirred  on  a  Vortex- 
Genie  (Scientific  Industries,  Inc.,  Queens  Village,  New  York)  initially 
and  every  15  minutes  for  one  hour.  At  this  time  a  pasteur  pipette  was 
applied  to  the  bottom  center  of  each  centrifuge  tube  and  the  supernatant 
fluid  containing  the  IgG  globulins  was  aspirated  by  a  rubber  bulb.  The 
small  amount  of  DEAE  that  remained  in  these  supernatant  fluids  waa  finally 
removed  by  centrifugation  at  2000  rpm  for  15  minutes. 

Immunoelectrophoresis  was  performed  by  the  method  of  Scheldger.  The 
antiserum  used  to  develop  these  slides  was  prepared  by  immunising  a  rabbit 
with  six  monthly  injections  of  1-2  ml  of  whole  human  serum  in  Freund's 
complete  (first  immunization)  and  incomplete  adjuvant  (subsequent  five 
injections) . 

Concentrations  of  IgG  globulins  were  measured  by  radial  diffusion 
in  commerically  produced  agar  plates  containing  monospecific  anti-human 
IgG  (Hyland  Laboratories,  Los  Angeles,  Calif).  Human  IgG  purified  by 
DEAE  cellulose  column  chromatography  and  standardized  on  a  Beckman  DU-2 
spectrophotometer  assuming  E  ■  14.3  was  the  reference  standard  for 
this  assay. 


3.  Influenza  Antibody:  Serological  responses  to  influenza  in¬ 
fections  were  measured  in  eight  airmen  who  became  ill  during  a  recent 
Hong  Kong  influenza  epidemic  at  a  United  States  Air  Force  base  in  Thailand 
during  August  1968.  The  acute  sera  were  taken  during  the  height  of  this 
illness,  and  convalescent  bleedings  were  made  either  13  or  16  days  later. 
Complement- fixing  (CF),  HI  and  neutralizing  antibody  titers  were  performed 
by  the  methods  outlined  in  the  section  on  A2/HK/68  influema,  this  Report. 
The  CF  response  was  measured  by  microtiter  techniques  in  "U"  bottom  plates 
(Cook  Engineering,  Alexandria,  Va.)  utilizing  .025  ml  dilutions  of  in¬ 
activated  serum,  .025  ml  containing  two  units  of  A2/DC/327/63  Influenza 
antigen  (Microbiological  Associates,  Bethesda,  Md.)  and  two  units  of 
guinea  pig  complement.  HI  responses  were  measured  in  "V"  bottom  micro¬ 
plates  using  four  units  of  A2/HK/I/68  influenza  antigen.  Non-specific 
inhibitors  were  removed  by  DEAE  or  periodate  treatment  of  serum.  Neu¬ 
tralizing  antibody  waa  measured  against  10  TCD^q  unite  of  A2/lhal/303/68 
Vi.  rut. 

4.  Rubella  Antibody:  Rubella  antibody  was  measured  by  titering 
plaque  reduction  and  HI  activities  in  single  etra  taken  from  11  women 
during  their  first  20  weeks  of  pregnency.  The  HI  assay  followed  the 
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techniques  previously  described  (Arrual  Report,  this  Department,  1968). 
Non-specific  inhibitors  were  ah  sorbed  using  Kaolin  or  DEAE.  The  plaque 
reduction  tost  used  is  described  in  the  rubella  section  of  this  report. 

5.  Arbovirus  Antibody:  Nineteen  sera  taken  from  11  patients 
suspected  of  having  arbovirus  disease  were  selected  from  the  Walter  Reed 
serum  files  for  assay  of  HI  antibodies  to  western  equine  encephalitis 
(WEE)  and  dengue  2  arboviruses.  Prior  serology  had  indicated  11  of  these 
sera  had  dengue  2  titers  of  1:10  or  less  while  the  remaining  eight  contained 
higher  levels  of  this  antibody.  HI  titrations  were  performed  according  to 
the  methods  described  in  previous  Annual  Reports.  Non-specific  inhibitors 
were  removed  by  treating  serum  with  either  DEAE  or  acetone. 

B.  Results : 

1,  Development  of  the  DEAE  Extraction  Techniques:  The  DEAE 
extraction  technique  was  developed  with  three  primary  objectives  in  mind. 
First,  we  wanted  to  completely  separate  the  IgC  globulins  f ran  oth^r 
serum  components  to  dispose  of  all  possible  types  of  non-specific  in¬ 
hibitors.  Second,  the  extraction  was  to  yield  both  a  constant  dilution 
and  as  little  dilution  as  possible  of  the  IgC  globulins  in  the  sera 
applied  to  it.  Third,  the  method  was  to  be  simple,  rapid  to  perform 
and  inexpensive. 

Pure  IgG  globulins  are  most  commonly  isolated  from  whole  serum  by 
chromatography  on  columns  of  DEAE-cellulose  or  DEAE-Sephadex.  Serum 
equilibrated  with  dilute  buffers  at  a  pH  near  neutrality  is  applied  to 
a  column  of  DEAE  equilibrated  with  the  same  buffer.  Under  these  conditions, 
the  IgG  globulins,  unlike  other  serum  proteins,  have  a  neglegible  charge. 
They  therefore  fail  to  bind  to  the  positively  charged  DEAE  and  are  eluted 
from  the  column  in  pure  form. 

Thus  DEAE  could  be  used  to  satisfy  the  first  objective.  However, 
column  chromatography  requires  specialized  equipment  and  is  quite  time 
consuming.  To  satisfy  the  third  requirement,  a  "batch"  technique  was 
developed  for  the  extraction.  Serum  is  mixed  with  DEAE  equilibrated 
with  a  dilute  neutral  buffer  and  the  resulting  supernatant  fluid  then 
contains  only  IgG  globulins  since  these  are  the  only  proteins  that  fail 
to  bind  to  the  DEAE. 

We  first  attempted  to  remove  the  non-specific  inhibitors  from  serum 
with  DEAE-cellulose  using  a  "batch"  extraction  technique  similar  to  that 
described  for  DEAE-Sephadex  in  "methods".  Although  such  treatment  did 
yield  pure  IgG,  these  fractions  were  unsuitable  for  HI  titrations  since 
DEAE-cellulose  contributed  a  factor  to  the  supernatant  buffer  during  ex¬ 
traction  that  agglutinated  red  cells.  Therefore,  DEAE-Sephadex  was  used 
in  place  of  the  DEAE-cellulose  and  provided  that  care  was  taken  to  remove 
fines,  the  Sephadex  did  not  release  hemagglutinins  during  the  extraction. 
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The  proper  proportions  of  DEAE-Sephadex  and  serum  and  timing  of  the 
extraction  procedure  to  yield  pure  IgG  with  the  least  dilution  were  next 
defined.  Extraction  of  .5  ml  serum  with  8  ml  of  the  DEAE-Sephadex  sus¬ 
pension  for  one  hour  yielded  pure  IgG  without  impurities  as  shown  by 
Immunoelectrophoresis.  Such  treatment  was  found  to  yield  consistently 
lmmunoelectrophoretlcally  pure  IgG  globulins. 

Table  18  suamarizes  the  dilution  of  IgG  globulins  associated  with 
this  extraction  procedure.  The  concentration  of  purified  IgG  in  the 
supernatant  extraction  buffer  was  approximately  207.  of  its  value  in  the 
corresponding  whole  serum  and  a  consistent  dilution  of  this  immunoglobulin 
was  found  in  the  many  sera  extracted.  Of  the  16  Influenza  sera  so  treated, 
the  IgG  of  IS  was  diluted  between  1:4.7  and  1:6.  Therefore  the  final 
dilution  produced  by  this  extraction  was  assumed  to  be  1:5.  A  similar 
analysis  of  the  IgG  dilutions  for  the  arbovirus  and  other  sera  confirmed 
that  this  1:5  value  was  constant.  The  volume  of  the  supernatant  extraction 
fluid  was  approximately  the  same  as  the  .5  ml  volume  of  serum  that  had 
been  applied.  Therefore  the  yield  of  the  extraction  was  approximately 
207.. 


2.  Serological  Diagnosis  of  Influenza  Infections:  Table  19 
compares  the  CF,  neutralizing,  and  HI  influenza  titers  in  acute  and 
convalescent  sera  from  eight  patients  with  "flu"- like  illnesses.  It  is 
evident  that  the  HI  titers  of  untreated  and  periodate  treated  aera  were 
o'"  limited  value  for  identifying  influenza  responses  in  convalescent 
serum  drawn  two  weeks  after  infection;  only  one  of  eight  untreated  serum 
pairs  and  two  of  eight  treated  with  periodate  had  4- fold  antibody  rises.  1 

The  HI  titers  were  relatively  high  in  both  untreated  and  periodate 
treated  acute  aera.  Although  this  activity  might  have  been  due  to  either 
non-specific  inhibitors  or  pre-existing  specific  antibody,  the  neutraliza¬ 
tion  data  of  Table  18  suggest  non-specific  factors  were  responsible.  Only 
two  acute  sera  had  neutralizing  activity  and  in  both  cases  the  titers  were 
only  1:5.  Furthermore,  six  of  eight  patients  had  4-fold  or  greater  neu¬ 
tralizing  antibody  responses. 

The  HI  titers  of  IgG  fractions  produced  by  DEAE  extraction  of  acute 
and  convalescent  sera  agreed  very  closely  with  the  neutralizing  data. 

In  both  instances  acute  sera  had  little  or  no  activity  and  both  tests 
Identified  the  same  six  patients  as  having  significant  serological  re¬ 
sponses  to  Influenza.  CF  titers  were  hardly  better  than  the  periodate  HI 
results  since  only  three  patients  had  4-fold  CF  responses.  Therefore,  HI 
titrations  tf  DEAE  extracted  sera  were  superior  to  similar  titrations  of 
periodate  treated  sera  for  the  diagnosis  of  Influenza  infections,  pre¬ 
sumably  because  non-specific  inhibitors  were  removed  by  the  former  treat¬ 
ment  that  were  not  eliminated  by  periodate. 

3.  Removal  of  Non-Specific  Inhibitors  of  Arbovirus  Hemagglutina¬ 
tion:  The  non-specific  serum  inhibitors  of  arbovirus  hemagglutination 
are  associated  with  lipids  and  can  be  effectively  removed  by  extracting 
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Table  23  Distribution  of  Rubella  HA1 
Antibody  Titers 


Titerl/ 

Dewitt 

WRGH 

Both 

<8 

213 

178 

391 

8 

9 

3 

12 

16 

116 

94 

210 

32 

359 

264 

623 

64 

557 

464 

1021 

128 

626 

496 

1122 

256 

285 

252 

537 

512 

113 

122 

235 

1024 

15 

13 

28 

2048 

0 

0 

0 

Totals 

2293 

1886 

4179 

GMT—/ 

1:94 

1:100 

1:96 

—  Reciprocal  of  antibody  titer 


a  /  ^ 

—  Geometric  mean  titer  for  sera  with  >1:8  titer 
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The  development  of  a  rubella  plaque  system  was  attenpted.  The 
hemadsorption-negative  plaque  assay  adapted  by  ^awls  was  studied  in  both 
BHK-21  and  LLC-MK2  cell  lines.  Countable  plaques  could  be  obtained  but 
results  were  inconsistent  and  not  reproducible.  Direct  attempts  under 
agar  in  BHK-21  cells  were  never  successful.  Cell  sheet  survival  appeared 
to  be  the  limiting  factor;  controls  degenerated  in  3-4  days  under  concen¬ 
trations  of  agar  from  0.7- 1.0%  and  under  previously  described  starch  gel 
or  carboxymethyl  cellulose  techniques.  Direct  attempts  under  similar 
conditions  in  LI.C-MK2  cells  initially  gave  irregular  results. 

Eventually  a  satisfactory  system  was  developed  with  the  SEATO  line 
of  LLC-MK2  cells,  using  17  Difro  purified  agar,  107.  heat  inactivated 
fetal  calf  serum,  0. 37»  NaHCO^  (4  ml  of  7.57  NaHCC>3  per  100  «1)  in  N19%. 
After  incubation  at  37°C  for  7  days  a  second  overlay  was  added  containing 
5  ml  of  Gibco  1:300  Neutral  Red  per  100  ml,  0.157  NaHCO^  and  11  agar. 

After  overnight  incubation  at  37°C  flasks  were  inverted  and  left  at  room 
temperature.  Two-three  millimeter  diameter  discrete  plaques  were  readils 
visualized  and  consisted  of  intact,  unstained  cells.  Fluid  staining 
tended  to  give  a  more  uneven  stain  and  loss  consistent  plaq  ue  def inlt Ion, 

For  the  neutralization  test,  sera  were  heat  inactivated  at  54°C 
for  30  minutes  and  diluted  in  PBS  containing  0.47  BPA.  The  antigen  was 
strain  M33,  GMK22  BHK8  with  a  titer  of  c.  1.0  x  10'  pfu/0.2  ml.  Equal 
volumes  of  serum  and  virus  diluted  to  contain  60-80  pfu/flask  were  in¬ 
cubated  for  one  hour  at  37°C.  0.2  ml  of  serum-virus  mixture  per  flash 

(Falcon  75  mm“)  were  adsorbed  for  one  hour  at  37°  and  overlaid  with  agat . 
Each  test  included  a  virus  titration  and  positive  and  negative  scran  con¬ 
trols.  Percentage  virus  survival  at  various  dilutions  of  sens  was  pl»ii»o 
on  log  probit  paper,  and  the  antibody  titer  was  taken  aa  the  dilution 
corresponding  to  50/»  survival. 

Serum  plaque  reduction  (PR)  titers  are  c ompared  with  the  standard 
Echo-11  challenge  indirect  neutralization  test  and  HAI  titers  *»  )1  sera 
in  Table  24.  Thirteen  sera  showed  agreement  with  positive  titers  for 
both  types  of  neutralization  tests.  Of  these  13  sera  six  had  low.  but 
detectable,  I1A1  titers;  four  were  HAI  negative  while  three  were  equivocal 
with  both  negative  and  positive  titers  recorded.  Fight  sera  lacked  ami 
body  by  both  neutralization  assay,  but  clearly  had  detectable  HAI  anti 
body.  Ten  sera  failed  to  show  agreement  between  the  two  neut ra  1 1  sa t  1 .« 
assays.  Eight  sera  lacked  E- 1 1  Neut  antibody,  but  had  demonstrable  ft 
and  HAI  antibody.  Two  sera  with  minimal  F- 1  I  neut  antibody,  lacked  ko 
PR  and  HAI  antibody. 

The  rceasur emeu L  of  neutralizing  antibody  by  j  plaque  reducti  •*  •>•(<* 
is  generally  accepted  as  a  sensitive  quantitative  assay  since  it  pi  *u«* 
for  immobilization  of  residual  uncombined  virus.  This  latter  pKc«ves*«c.*> 
is  an  important  factor  in  the  lack  of  sensitivity  with  low  titered  1 wb« I  • 
sera  in  the  indirect  neutralization  test  using  L-ll  ciallengr.  T>'«»  l 
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Table  25  Comparison  of  Rubella  11,  E-ll  Neut 
and  HA 1  Titers  in  Individual  Serum 


Rec iprocal  of  Antibody  Titers 


Serum  11 

PR 

E-  1 1  Neut 

HA  I 

D182 

3.8 

32 

8 

E226 

6 

<2,  4,  >4 

16 

E28  5 

3.8 

2 

16 

E410 

4.5 

8 

8,  16 

F199 

82 

>16 

16,  32 

F226 

5 

>16 

16,  32 

B  60 

7 

2 

<8x2,  8 

D  30 

19 

>8 

<8 

D  34 

43 

>8 

<8 

F208 

30 

>16 

<8 

C  15 

38 

4,  8 

<8,  16 

G  24 

14 

4 

<8,  32 

G365 

56 

>16 

<8,  16 

334 

<4 

<2x3 

32 

F193 

<4 

<2 

32 

F228 

<4 

<2x2 

8,  32 

F239 

<4 

<2 

16,  32x2 

F400 

<4 

<2 

16,  32 

G218 

<4 

<2 

16,  2 

G238 

<4 

<2 

16 

G382 

<4 

<2 

8,  '*2 

138 

20 

<2x3 

32 

A  67 

11 

<2 

16x2 

A  90 

8.5 

<2 

16x2 

Bl  73 

9 

<2 

16 

B204 

10 

<2 

16 

G294 

6 

<2 

8,  32 

G314 

3 

<2 

8,  128 

G344 

2.7 

<2 

8,  16 

A4?l 

*"A 

2 

<8 

A444 

<4 

2 

<8 
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antigen  could  not  be  sedimented  under  timllar  c cwd 1 1 1 one  a*  IM  **d  *-* 

it  was  designated  a  soluble  coop  lament  •  f  is  inj  ( VCf  >  »»i  i|n.  Il**ti  * 
micrographs  of  this  material  revealed  spheres  ss«»«rt *4  f  ».  t*  «ishi«« 
they  were  similar  to  repeating  structural  units  see«  Hu  **»(*»«  •» 
Intact  virus  particles. 

Laboratory  studies  during  the  pas*  yee*  u»«  v-*«»  Sewiet  «. 
biological  and  physical  studies  of  these  satis****  l*  ■«  *»«  «■  Seine 
their  roles  In  demg  ue  antigen  popular  l<ea  as  well  s*  etf«*t«sel  »*i*ti-* 
ships  with  the  intact  virus. 

A.  fy  epee  at  loo  and  Mum**  ^  a«i  m»-t 

Dengue  •2  Infected  a* -«ee  Mala  vat  »**ii*t*d  (•*  »*t«e«  »»•***• 
or  serihad  suckling  sl<«  that  had  See*  Silled  »m  »tl.«.l.*a  *•«<  ae***d 
In  0.)  per  cent  Seaiallaaiei  iSUttl*  Se*i*  set <«  1  •  l  «e«  «..**.*-•*•  1 » «d 
to  e  JO  per  cent  au»f*asl«a  la  1.9,‘n  l  *  S-.lt  *e  »#  #  !  i-  I  >  *»»« 

0.001H  Orta  by  seasa  ef  a*  (*t  l.atl  )<v  #■»!•«  My  tluuS.t  >*«*»■ 
Omsslmlnef)  at  9*t.  > .  apeaa i««sa  ue« •  i-m  1  1 « 1 1  *  •  i#»  * »  *■■*  »>  -*  <*<*>  •  • 

fee  M  al  sut  aa  at  »*(  tel-**  eAS.ti.*  .1  ».n#.i.  » .  .» 

a  >0  ng/ml  a  test  s#ldi.«,  ft.tMiw  m«*  i|<tai  >•«  •*  »e  uuj  .  1  • 
viral  pcvtata  ms  aliswsd  I .  (etiiae  t.a  wl  *4  »..e  *«  at  **i»  ..  *  m  -  .*-# 

iksllagt  pfutaia  psnsipllstie  we*  1  mu» *d  »•<  .  #•»  »•  *«  *  t 

f*f  41  al(M*«  at  4*t .  The  t*aiiai  »«•«*  •  t*ea  •  e****-1 

fluid  was  designated  pfvcwsse  peilua  »ua«  **•«» 

Ibyiltsl  SaMsltlae  *t  1  y*« »  teuiul  »***  *».i  •*«**  #»  .*♦»  v»  t . 

Ml  as  Camp  It  shed  by  lata  Mial  .  I  tie*  end  »  »  !•+«•*  i  »•*  **♦.**  *••*»•»*• 
liadlasls  af  V*fl  pea  »wt  •  ee  t*  •  m«i  yeel.eeud  *» ‘ »  »*e  ♦  *«  .4  • 

Is  It  ten  asd  ha*«ts  !  «»lt**See  nest*#  •*  — e  ■«  a*d  :S 

del  t  •«€  lag  a  l«4«l  |sali*«4  1  e*  •  »  :  t  *1  «.«  •  1  •  1  .  «.t 

alteata  I  dbs .  Senpiae  i  l  si  1  «e««  massed  •*•  ‘ -u  •*  »»e  y-»  ■*■•*■* »  »■* 

« sets  1 1  *g ad  I  *4  1  s»i»«i>  #  •  1  te  ntsr  s  s  s*  •  1  *vue  *e  .*»■»  »  •  *>  u*.  >  ••*• 

wee  set  lasted  1 1«  npt  •  i  u«t  IS  pe»ps  h  ISm  ■  M  uie>  1  • 

I  see*  ted  t»  the  httss  *  t  iu  .Minig«  » u*e  te  *e  *1 

•*  alt  gsad  l#*t  f  f  I  4  1#  f  «Ml  4  449  i«*l  *h«  4*  4  teg  «u  «d.d  t  ltd  (MAM  *-• 
peeeteuualy  See*  1 1  ted 

PtatllMle  .1  Iss  aed  . I  «Mi  4  *  Pt  fed  •  pans  A  Mb  '«»s  I*  t  *  • 

pc  ap  as  at  i<es  *m 1 1  a*d  i»  iti  >  a»nMi  •  e*  u  •ifetiMe  *•  t  -p >»  •  «*e 
Pap  Idly  »«d  iu*  I  1*4  Sensgi  l.4i*ei  «y  e»ti^«*  Ma  M  see..  ♦  1  ted  •**■—»  ■ 
ue*  Iwd  shet  hatiie  I  it  1 U  iu  •  leu  *.*4*uwue  •>»»♦*«  **• 

pead  ed  »Sm*I  h*t  I  1>S  it.  !t#  w  >*S  ll)  -I  it  «*#4  l  pee  -•  I**  ■«< 

beats  ».i*p*e *  t*ee  as*  I  >ehi  »i  <.t*  t.a  •<  iu  t» »»< •»*  >*  mm  »**•* 
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HA  activity  ir  brain  Material  harvested  on  days  )  to  4,  total  M  titers 
ranging  front  1:128  to  1:8192.  RHA  la  clearly  the  Mjor  N»  aatigr* 
component  on  day*  3  and  4,  SHA  being  barely  detectable  oa  day  ).  tom 
this  basis,  day  2  HA  antigen  is  probably  RHA.)  by  day  3,  SM  ts  present 
in  aajor  proportions  and  by  day  6,  total  quantities  of  tli  sad  in  appear 
slailar.  It  cannot  be  determined  whether  large  saniats  of  SSt  first 
found  on  day  3  represent  breakdown  products  during  stationary  phase  rep¬ 
lication,  whether  synthesis  of  SHA  grossly  eaceeds  that  required  M  viral 
maturation  by  the  fifth  day  after  infection,  or  if  SMA  represents  prod«< 
tion  of  separate  particles  not  associated  with  Ul.  TV*  last  alternati** 
is  unlikely  since  experiments  reported  below  indicate  that  iW  <*a  be  .a 
talned  from  RHA  by  carefully  controlled  chemical  estractlee,  ss  usll  as 
by  Induced  physical  stress  by  coa*iaed  effects  of  wltraceetr  tfugst  im  and 
elution  from  inorganic  precipitates.  In  addition,  SPA  is  Inad  n*t  only 
In  mouse  brain  derived  virus  but  has  been  found  ia  dengue-.'  virus  <ii»h) 
#21868)  propagated  only  1j  cell  cultures. 

It  can  also  be  eeen  in  Figure  11  that  same  day  1  and  Say  l  ns 
antigen  did  not  sediment  (fraction  30  •  top  of  gradient),  bislyei*  •# 
this  material  and  recent  r  1  fug  at  1  on  through  anetbnr  starve*  rhmal 

that  it  was  RHA.  The  initial  inability  of  some  day  1  sad  key  4  Sen  I* 
pans  the  sample* sucrose  interface  nay  be  a  reflect  im  »f  mtatratta 
and/or  an  association  with  larga  quantities  ef  salable  lipid  tt*«lti*g 
from  advanced  cellular  injury,  symptoms  #f  (11  lawimni  wees  At*»#ly 
apparent  on  day  3  when  there  was  a l so  10  t*  .’0  per  teat  natality. 


2.  Appearance  of  Ibi  Anilaem#  la  fba^»  befvm  titers  .t  an 
total  antigen  In  ttrm  snap  las  could  not  bn  dtitrelsad  directly  •<*  »* 
non-specific  inbtbltora  of  banagglut  last  tan.  ItanSard  **•»  ve  t «  su  «  \.u 
procedures  that  r amove  non- spa* I f l«  inhibitors  did  n*e  irw«  1  say  ts» 
antigen  la  serum  until  day  3.  the  lew  tiles  M  10>  ends  tntiet  analyst* 
of  ace  too*  as  tree  tad  material  impractical,  lint*  SMm-spmifw  isdiAti*** 
ia  senes  r  ease  la  near  the  tap  ef  eusreee  gradient*  ifentn*  tos«*l  beput 
and  tba  efficiency  ef  antigen  recovery  feilewtmg  acetone  os  tie*  1 1«*  ts  t* 
quest  ion,  untreated  i«r«a  samples  wees  appltad  dtsnctly  t  •  »'*<l**4  • 

Again,  an  HA  activity  waa  fewad  «nt  1 1  dey  %  et  ^lt*  tine  lw  low!  • 

(1:2)  WdS  found  only  1m  the  RHA  region  et  the  gradient. 


d  uiftiiuii 

a  T  e*  I  »t  1  et  * 


ss  ns  1  i 

a*  infect  lews  virus  from  bland  and*  it  possible  i*  *  mg  its  t  can  • «  a * 
pane  ansa  *f  tba  an  ant  Igena  «ttb  l  has*  la  beat*.  fig«ct  U  mrssevt* 
dally  laf  activity  tltoca  as*  a  vend  bp  p  l*p«*  assay  is  »«mi*— *«n  aoaey 
kidney  cells  (LU-Wjl  and  pnnb  titers  *4  •*!«*!#  Ct  esc  i  gee  as  awtyHU 
em  a  us  rase  gradient*.  Tltars  #f  lafactlew*  »t»vs  ia  tin  beats  »•■**  » • 

•  ft as  Uf«U<e  eel 

at  *a i . C  (can  n 

fust  bet  Increase  wee  fond,  bslwble  (V  antignn  la  beats  anise  ts  l  •  •  *  •  * 
latratad  mill  dey  4.  and  attdtamd  s  titae  ■»  t  It  a  dare  * 


wm  i»iiM  §i  mm  •  •  • » •*  •  » »  •  ■■  w 

l(j6  plaque  terming  mils  (pf»l  *n  the  amend  day  ef 
ranched  a  peed  tite*  al  almaat  If  pte  m  I4n  ftfsa 
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*m.  »  •  »<  *  •  ;  .  1  ;  1 1  m  i  r  r  p  r  t  i  •*  ?  j"J  >.'l  uh  It*  CT  anti  Ron 

»*i  •  «*«  •  •  •«  -m  t  » ’ «  •  * «  f  f  i 1  t *  1  .  10 '  •  '  f  I  were  pr o<ent  in 

« «*  .**  .«  s  *.  «  ii  r  f  j  i  *  f  r  i  mu.  r  tr  «  br  Jin  infect  i  v  i  f  v  titers, 

•  •  *•  tw  M.«n  .  f  >  !..».«  »  taii|r«  in  iftiB  ¥js  stellar  to  that  in 
t«s4*  « «-j  l  1 i  .■»  f  of  t*w»*  k»rf\itio«i  t*  not  readily  apparent; 

•r*s««*eis  .<  ufnitJH4  .»»«-»  <^«r  theit  conditions  xcun  predominant  I  v 

t*  w  <s  i .  tl«4,  <lita  is!  mI1|«  found  In  serum  probably 

.44»«Kt  *4  t  *  i*«  Mil*.  M,  W<  ui>  of  its  •■>•11  sire  (comparable  to 
•44  • .  Sues  .  <  <4  *  1  .*  t »  ii  sh-ss*  litrrl ,  na>  be  m  re  readilv  released 

Iras  ,«Iik  i«4  till*  t  4«  •*».!«  ofui.  Clearance  of  v>ttis  and  soluble 
•M  ( i  .*  t*4  cltc*lsti  *  mi  ft  s  »«4  at  different  rues,  the  larger 

•  il  >4  |JJ  t  li  1«  *4  t  *4  m  4  •  I ap  l  / l *  >  1  •  *r  e  J  ,  The  1  JC  *  t  SI  gn  1  f  1 C  .111  t  Ho 

•*4  *+«4  t*  1*4  *44  4»  »•  •*.  44H  •  *--»*,  i  dli  itn  there  is  little  or  no 

4**csm*t#< » •*»  •<  •  t  s  «4  u  *  l  .».«*  .  th~a.  *  clearing  vch  'nun  say  b»  active. 

1*44  •  44  4  t*4  « »  *4  ««|  I»mi  i  ,  t  *4  t  Ir  <(  soluble  CF  *nt  i  gen  in  infectious 

l  imishi  •••<  (••  r.iiil.i  ifltti  4i  »t  t  f  t  Jt»ejse  tie  t  dengue  virus 

•WV444  W-4«*-*  .  I  f  >4  1*  <«  t4.*»t  t««t  1  «. 

4  1^*  *  1 «  *4>4  l  *44 1 1 «  •  1  t_*  I  f  *£  t  U«i  of  SHA  f  r  oo  RMA  : 

l .  »m  1 1 »  i  »  .(  t  >4  l  1 1  (a  1 1  f  Cobra  Vctv.«w  and  Tween-  80- e  t  her  'll 

tittxi  2rstr  Mir*  3Ll!»i  «■*  *  br  •  i  rtrd  fr<»-  j  sucrose  gradient  >f 

t.M«*4isiM  iti«4  atm  i  ^*i  t  figurr  I'H*  by  pooling  pruk  fractions  and 
it*  r— -  l  t*  Hi  t  «  ‘  t  >i  * ,  T>vc  •ix.rose  concent  rat  ion  was 

nllu  if  1*44*4  1*  IVI*  t  I  m  interval  t  cubic  r  rapp  1  ic  a  t  i  on  of  a 

l»4Ufl*  it  >  »-  «  *«*  »J  *4  I  *4  gradient  .  Another  portion  of  2  mis 

•44  *44*4  *41*  •  ms  ef  I  *of  *- 1  1 1  « **i  i  bra  vrn,4  ( Ms  Ja  na  ja  )  obtained  from 
M*  a  I  lam  haptile  t»«tit*t«,  *ll»»r  Spring*,  Florida  and  incubated  for 
9t  **•»*•«  ••  »  F't  pa  l  *e  I-  tff.l  It  i  n  of  i.}  als  on  i  second  sucrose 
»»**••*'  •  Ibis  4  M  I  I  « f  .  0  M I  »  was  shaken  ft  1  minutes  with  0.?  ml 

*4  •  bt  mg  •)  sl.4b  **M|4  4  f  Twee*  -  *0  ,  followed  by  another  1  minute 
•*4*t*4  w4 1  *  ml  ss*«|ti«ia  •  ••4*  ether,  l.i  ml  waa  applied  to  a  third 

i<* a  .44  iisrieii  .  twtsxitl  I  •  characteristics  of  these  three  samples 
«*i«4  *44444 .  *4  1  *el  1  -•  as  •  matter  ste  sfa-wn  tn  Figure  II.  it  can  be 
•—4  list  Wat  *(♦«•  •«•*«  sal  rv*4«- §0  ether  treatment,  while  not  ap- 
|4s»l«*lt  i**4  i*g  •  *S  liters,  f  r  r4  •  srcind  distinct  peak  designated 
*44  14*  •»!*  istlsnUUa  characteristics  similar  to  SltA  previously 

*44* S  1*44 ,  utr*  IS4..4  4u  ait  appear  to  grossly  affect  overall  size  of 

•  ta  M*  r**4  *aa  «  4  si(4  t<*  c  4irr«’l  B NA ,  yet  the  treatment  released 
m»  14S  4*  m 1 4  4  44  u  f*4w  a  aew  I  tl  peat  of  similar  HA  potency.  Con- 
•aammlf.  fbmas  •£  #1*4*  ttsstmaat  caused  an  overall  4-fold  reduction  of 
b«*  imliUi  t»  l*e  appeal**.*  f  a  larger,  new  SHA  peak.  Tween -80- 
•4*#s  li*«im*si  1  <**l  1 1  •>*  *1  s  4*t  argent  •  de  I  I  p  1  da  t  Ing  effect  which  has 
tame  *Wv»  l«  lisa*  *4  dial  IU  vl r wars  as  influents.  Cobra  venom  con- 

•  a ua  a  (Mult  -I  pm ym*a  m  i  c  apUltly  characterised  but  some  of  which 
•a  1  Mswa  1.  W  lea  Itbimaaea.  Isolated  Ft*osphol  Ipase  A  has  been  shown 

i*  1*4*  1 1  *4i a  *iv«  l  tp 1 4  1  mtaistsi  viruses. 

*« « mm*  •  •»  *  mplslalj  4**ir»>  t  HA  while  ssstntaining  SHA  activity 
msas  4S<*ia*sf  •  I  1 1  *a  I  er*  I  with  fwwr-l;1  for  S  minutes  fi'l  lowed  by 
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On«lMt  tetijnti  at  m  (Z iU*l  firm)  u«M 


5-minute  shaking  with  an  equal  volume  of  ether  (richer  thar.  j  n:  ,tc» 
reduced  activity  of  both  RHA  and  SHA;  15  ninute  ether  trdtncr:  tr 

all  HA  activity.  Treatment  of  RHA  with  concentrat ions  f  Tween- »  *.  j 

ether  other  than  tenth  volumes  of  sample  did  not  result  in  sppe*r*e^« 
SHA. 
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The  new  SHA  peaks  were  pooled,  dialyzed  and  recycled  through  suc¬ 
ceeding  sucrose  gradients  to  insure  homogenlety  and  sedimentation  char¬ 
acteristics  similar  to  previously  described  SHA.  Electron  micrograph* 
of  SHA  obtained  by  chemical  treatment  of  RHA  are  planned  to  ensure  tisut 
SHA  is  indeed  a  structural  component  of  RHA,  and  not  a  separate  antigen 
particle  synthesized  by  infected  cells. 

D.  Electrophoretic  Analysis,  Adsorption  and  Elution  Ovaractet  let u * 
of  Dengue  Antigens: 

The  following  experiments  suggest  that  dengue  antigens,  IM,  in* 
and  SCF,  all  have  a  similar  net  negative  charge.  Elution  from  i»org*>w 
precipitates  facilitated  by  stepwise  Increases  In  ionic  strength  separator 
SCF  antigen  (early  elution)  ftom  HA  antigens  and  mouse  hemoglobin  (late 
elution),  indicating  that  SCF  has  a  lower  total  negative  charge. 

1.  Electrophoresis :  Preparative  rone  elect rephoreai a  mi 
carried  out  in  an  inert  supporting  audlun  of  equal  mixture#  by  wetgM  at 
polyvinyl  chloride  (Geon)  and  polyvinyl  chloride,  p'lyvlnyl  acetate 
copolymer  (Pevlkon),  in  0.06M  barbital  buffer  x  pH  8.4.  Samples  a! 
were  applied  12  cm  from  the  cathode  in  Pevlkon-Ceon  blocks  measuring 

1  x  6  x  36  cm.  Constant  current  of  45  mllllamps  and  300  volte  was  applied 
for  18  hours  at  4°C.  Following  electrophoresis,  34  1  cm  sections  at  **.  * 
block  were  suspended  in  2  ml  of  0.02M  TRIS  buffer  pH  1.2  by  egltatia*  a* 
a  mixer  (Vortex,  Jr.).  Antigens  eluted  In  this  manner  were  separated  f f «• 
the  Pevikon-Geon  by  centrifugation  at  800  x  g  for  10  minute#.  Ihtder  these 
conditions  the  electrophoretic  nubility  of  HA  and  CF  antigens  may  be 
visualized  in  Figure  14.  RHA  and  SHA  obtained  from  sucrose  gradient  a. 
and  SCF  as  found  in  ultracentrifuge  supemates  of  Infected  mouse  brats, 
all  migrated  5  to  6  cm  toward  the  anode,  their  mobility  coinciding  wits 
the  mobility  of  a  hemoglobin  surkar.  Thus,  all  are  negatively  charged 
and  have  similar  electrophoretic  mobilities.  These  results  suggest  that 
the  3  physically  distinct  dengue  antigens  described  above  possess  simile* 
net  charge,  i.e.  same  charge  per  unit  mass. 

2.  Adsorption  and  Elution  of  Dengue  Antigens  from  I  morgen  i« 
Precipitates:  Total  charge  differences  among  dengue  antigens  were 
analyzed  by  ionic  strength  requlrasMnts  for  slut  ion  from  inorganic  pt« 
clpitates.  Basically,  dengue  antigens  wars  first  adsorbed  to  inorganic 
precipitates  in  low  molarity  (0.005M)  phosphate  buffer  (ft).  As  Ft 
molarities  were  increased,  particles  with  a  lower  total  negative  chergs 
eluted  first.  Under  these  conditions,  SCF  (7  mu  in  diameter)  was  shea 
to  have  a  lower  total  negative  charge  than  HA  antigens.  RHA  end  l¥ 
could  not  be  clearly  separated,  but  SHA  (14  mu  in  diameter)  appeared  i« 
elute  before  RHA  (45  mu). 
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is  consistent  with  measurements  of  7  mu  obtained  in  electron  micro¬ 
graphs  of  SCF,  the  larger  measurement  possibly  attributed  to  accumula¬ 
tion  of  negative  stain  around  the  particles. 

2.  Purification  and  Concentration  of  Dengue  Soluble  CF  Antigens: 
Protamine  purified  infected  mouse  brain  suspensions  described  above  were 
optically  clear  but  heavily  colored  by  hemoglobin.  Attempts  to  wash  mouse 
brain  tissue  free  of  blood  before  homogenization  resulted  in  loss  of  SCF 
while  RHA  and  SHA  were  found  still  associated  with  brain  tissue  after 
washing.  An  alternate  method  of  removing  hemoglobin  consisted  of  pre¬ 
cipitation  of  antigens  (as  well  as  solubilized  brain  tissue)  leaving 
hemoglobin  in  solution.  Precipitation  was  carried  out  with  50  per  cent 
saturated  ammonium  sulfate  in  protamine  purified  brain  suspensions  at 

4°C  for  at  least  one  hour  with  intermittent  shaking.  Precipitates  were 
resuspended  in  volumes  of  TRIS  or  PBS  effecting  a  10-fold  concentration, 
and  sonicated  for  3  1-minute  periods  in  a  Raytheon  10  KC  instrument  at 
maximum  power.  SCF  from  all  4  dengue  serotypes  was  separated  from  most 
brain  material  and  larger  CF  antigens  in  ammonium  sulfate  precipitates  by 
Sephadax  G-100  filtration  as  depicted  in  Figure  22.  Samples  of  X)  to  15  ml 
were  applied  to  5  x  80  cm  G-100  Sephadex  columns  and  collected  in  18  to 
20  ml  fractions.  Most  protein  measured  at  280  mu  (first  graph)  was  found 
in  the  first  peak  or  void  volume.  CF  activity  was  found  in  two  separate 
peaks  as  described  above,  SCF  being  located  in  the  second  peak  where 
relatively  little  protein  was  found  by  on-line  recording  spectrophoto¬ 
meters.  Graphs  2  to  4  show  excluded  antigen  and  SCF  antigen  peaks  of 
dengue  types  1  to  3;  distribution  and  titer  of  antigens  in  each  peak 
varied  among  a  number  of  separations  for  each  dengue  type,  but  type  3 
SCF  eluted  from  columns  in  a  larger  number  of  fractions  implying  some 
physical  heterogeneity.  Pools  of  SCF  fractions  (100  to  15Q  ml)  were  con¬ 
centrated  by  nitrogen  pressure  dialysis  on  neutral  (nonionic)  membranes 
down  to  1  to  2  ml  providing  an  SCF  antigen  product  titering  1:128  to 
1:256.  Precipitation  of  antigens  from  protamine  purified  mouse  brain 
with  60  rather  than  50  per  cent  ammonium  sulfate  resulted  in  final  SCF 
titers  of  1:512,  but  hemoglobin  and  brain  proteins  were  also  present. 
Recovery  of  SCF  was  not  affected  when  RHA  and  SHA  were  removed  from  pro¬ 
tamine  purified  mouse  brain  for  other  studies  before  precipitation  of  SCF 
with  ammonium  sulfate.  Generally,  final  SCF  antigen  reagents,  being 
relatively  free  of  HA  antigens  or  other  virus  components,  were  sufficiently 
pure  for  serological  purposes.  However,  such  SCF  preparations  were  not 
pure  in  terms  of  molecular  homogeniety;  8-10  bands  were  found  by  poly¬ 
acrylamide  gel  electrophoresis,  one  of  which  reacted  with  antiserum,  the 
remaining  bands  were  possibly  brain  contaminants.  Preparative  electro¬ 
phoresis  combined  with  adsorption  and  elution  on  A1(0H)3  will  be  added  to 
the  series  of  purification  procedures  in  attempts  to  produce  homogenebus 
preparations  for  chemical  analysis, 

3.  Isopyknic  Centrifugation  of  Dengue-2  SCF  in  Cesium  Chloride 
Gradients:  As  previously  reported  (1968)  mixtures  of  RHA  and  SHA  banded 
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antigen  prepared  in  the  same  manner  appeared  to  peak  midway  in  the 
gradient  (Figure  28d),  characteristic  for  virus  fragments  as  described 
above.  In  any  case,  JE  HA  antigen  characteristics  may  vary  between 
preparations  and  methods  of  preparation;  the  antigen  generally  being 
physically  heterogeneous. 

3.  Sedimentation  Studies  of  Group  A  Arbovirus  Antigens:  Eastern 
equine  encephalitis  (EEE)  virus  HA  antigen  can  be  readily  made  by 
homogenizing  infected  mouse  brain  in  alkaline  (pH  9.3)  borate  buffer 
followed  by  aging  for  sev«_’-al  weeks,  the  resulting  antigen  being  stable 
for  several  years  at  4°C.  Sedimentation  characteristics  of  one  such 
preparation  (5  years  old)  was  compared  to  standard  acetone-ether  and 
sucrose- acetone- ether  preparations  of  infected  mouse  brain.  Sedimenta¬ 
tion  of  the  5-year-old  alkaline  aqueous  antigen  may  be  visualized  in 
Figure  29a.  Most  HA  antigen  apparently  sedimented  through  the  entire 
gradient  onto  the  bottom  of  the  centrifuge  tube;  antigen  that  was  de¬ 
tected  (maximum  titer  1:64  in  fractions  1-3)  accounted  for  only  a  small 
proportion  of  antigen  in  the  sample  (HA  titer  =  1:20,480).  Sonication 
and  dilution  did  not  change  sedimentation  characteristics;  however, 
aggregation  cannot  be  ruled  out.  CF  activity  of  this  preparation  has 
also  been  included  (slanted  parallel  lines)  and  it  can  be  seen  that 
there  is  CF  activity  at  the  top  and  bottom  of  the  gradient.  Non-sediment¬ 
able  CF  antigen  (fractions  24-27)  may  be  similar  to  the  soluble  CF  anti¬ 
gen  described  for  dengue  virus. 

Figure  29b  represents  sedimentation  characteristics  of  a  sucrose- 
acetone-ether  preparation  of  EEE  infected  mouse  brain;  again,  most  antigen 
is  in  the  densest  gradient  region.  Gradient  analysis  of  an  acetone-ether 
preparation  (no  sucrose)  of  EEE  mouse  brain  is  shown  in  Figure  29c. 

Trailing  of  antigen  an  additional  five  fractions  up  the  gradient  may  in¬ 
dicate  additional  fragmentation  due  to  use  of  lipid  solvents  without  pro¬ 
tective  effects  of  sucrose.  Antigen  remaining  at  the  gradient  surface 
may  be  a  reflection  of  insufficient  solvent  extraction  leaving  lipid  with 
flotation  properties  in  centrifuged  fields.  Fresh  EEE  derived  from  serum-free 
media  over  infected  BHK  cell  cultures  having  a  titer  of  1:1024  could  not 
be  detected  at  all  on  the  gradient,  suggesting  that  this  antigen  sedimented 
to  the  very  bottom  of  the  centrifuge  tube.  In  light  of  these  results  and 
the  small  proportion  of  antigen  recovered  in  gradients  compared  to  starting 
titers,  EEE  HA  antigens  detected  in  gradients  presented  in  Figures  29a 
to  29c  may  represent  fragmentation  due  to  aging,  lipid  solvent  extraction, 
or  shearing  forces  during  centrifugation.  Source  of  virus  (host  tissue) 
may  affect  sedimentation  characteristics  in  sucrose  gradients,  although 
this  has  not  been  true  with  dengue. 

A  western  equine  encephalitis  cell  culture  HA  antigen  stored  at 
4°C  for  several  months  (Figure  29d)  appears  to  trail  from  the  bottom  of 
the  centrifuge  tube  in  a  manner  similar  to  but  greater  than  EEE  HA 
antigens.  Lack  of  protective  protein  in  serum-free  cell  culture  media 
may  account  for  disrupted  virions  and  HA  fragments  found  on  the  gradient. 
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a***  -»  .  mmi  at  iaoi  At  certain  t  ix  intervals  during  a 

l  •« »u •  y*e  ud  4.1  a!  1  *»  ware  s  laul taneous ly  withdrawn 

.*»•  ii«  t .  imium  t  *a*»  »  i  I.-ht  l»kcr«ton  workers  and  isediately 
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Steal  •!  iw  Mi«e  a*  1 1  v.e  •  »tit  ttei.  At  tie  end  of  the  test,  all 
t^iss  aaea  (4  1*4 *4  f*«tt*e  ate  titrated  for  residual  virus  by  plaque 
is  »!«  UAiei  cell  i*lt«ae  U  H4  Iey4t  )  . 


14.4a*  kt  rtreeaaaia  reeilaal  virus  plotted  as  per  cent  of  virus 
(•Mad  u*  «uaMl  44UIU  11*44  <u*tf*ls  at  tlste  0.  Kates  of  neutralization 
4a  at.  t  *>*a  iiiw  wi  t  i.d<  *441*4*4  ayfeer  stellar  during  the  first  2.5 
***■«*«  at  1  a4*>*4«*.  iivritf  ,  *r*t  r a  1 1 f a t  1  or.  of  IHA-SHA  nix* 
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4**4  m«m  k*4ii«*  *H4f  **  •  isuelited  la  lig.fa  )1.  Mailer  quantities 

•  4  »4«i*«*i  •»***  *4  a.t»  4»tiW.dt  M<Hiiii  *a  at  |i«  red  of  the  10-alnute 
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rqulvileet  ^'trftct  of  Ik  t  t  *ntlt»-d>  prff  4fi!  I1V11  kit  triiltrJ  In  10 
■lautet,  t  K»  difference  p-j*»lbl>  b-e  1  n<  t  K*  I  the  one  t  1 1>  >0  »  f>r  ef>*r  at  1  >n 
IMS  directed  «|«lnst  Mill  two  purified  and  defined  antigen*  (RHA  and 
SIM)  rather  then  three  or  aore  (RHA,  SKA ,  SCf,  fragments)  unpurifled 
antlgeas  es  In  this  experiment.  Reduced  rates  of  neutralisation  of 
crude  viruses  In  the  presence  of  antibody  prepared  against  crude  virus 
supports  the  conclusion  that  non- Infect lous  antigens  present  In  crude 
virus  seeds  compete  for  this  type  of  antibody.  The  continuous  neu¬ 
tralisation  of  both  crude  virus  preparations  t>v  RHA  MHAf  support  the 
conclusion  that  antibody  to  purified  virus  does  not  react  s ignl f 1  cant 1\ 
with  non* infect lous  antigens  and  should  thus  be  used  as  reference  anti¬ 
body  In  kinetic  analysis  tests.  It  has  been  argued  that  limsunlxat ion  of 
mice  with  purified  virus  serves  ;.o  purpose;  probable  replication  of 
dengue  in  mice  provides  an  increased  antigenic  mass.  However,  there  Is 
no  evidence,  nor  la  it  likely,  that  non-neural  replication  of  dengue 
results  In  the  myrlsd  or  quantity  of  antigens  found  In  brain  tissue. 

2.  Effect  of  Virus  Purification  on  Neutralisation  Endpoints  of 
Antibody  Preparations:  The  use  of  RHA  as  seed  virus  for  dengue  plaque 
reduction  neutralisation  tests  (PRNT)  tests  (Russell,  et  al,  previous 
Reports)  was  analysed  by  comparing  PRNT  antibody  titers  obtained  with  a 
similar  plaque  dose  of  the  same  virus  in  several  physical  states: 
a)  original  virus  suspension  In  monkey  kidney  cell  culture  supernatant 
medium,  b)  In  concentrated  form  free  from  soluble  proteins  as  found  in 
ultracentrifuge  sediment,  and  c)  purified  from  this  sediment  as  found  in 
RHA  after  sucrose  density  gradient  ultracentrifugation.  A  dose  of  each 
virus  preparation  stabilized  In  20  per  cent  FBS/199  was  calculated  to 
contain  100  plaque  forming  units  (pfu)  after  mixing  with  2-fold  dilutions 
of  dengue-2  MHAF.  The  test  was  incubated  for  30  minutes  at  room  temp¬ 
erature  then  held  in  an  ice  bath  during  inoculation  of  monkey  kidney 
cell  culture  monolayers  (LLC-MK2)  in  30  ml  Falcon  disposable  flasks. 
Following  an  adsorption  period  of  one  hour,  monolayers  were  overlaid 
with  a  half-strength  nutrient  agar  formula  developed  at  SEAT0  (1967), 
incubated  for  seven  days  at  37°C,  stained  with  neutral  red,  and  held  at 
room  temperature  for  two  days  before  plaques  were  counted. 

Numbers  of  plaques  found  in  virus  dose  controls  and  at  each  anti¬ 
body  dilution  are  listed  in  Table  26.  It  can  be  seen  that  the  virus 
plaque  dose  from  each  preparation  was  essentially  the  same.  PFU  (154) 
from  original  cell  culture  fluid  were  completely  neutralized  by  dilutions 
of  antibody  to  1:160,  the  50  per  cent  plaque  reduction  titer  (PRNT50)  of 
dengue-2  MHAF  being  1:750  as  analyzed  on  probability  paper.  PFU  (145) 
from  ultracentrifuge  sediment  (pellet)  were  not  completely  neutralized 
even  at  low  dilutions  (high  concentrations)  of  antibody;  6  to  49  pfu 
were  scattered  through  antibody  dilutions  that  neutralized  essentially 
all  pfu  in  the  dose  from  original  cell  culture  seed.  The  PRNT50  was 
reduced  to  1:300  when  dengue-2  MHAF  was  reacted  with  145  pfu  of  pelleted 
virus.  PRNT50  was  reduced  even  further  (1:80)  when  tested  against  a 
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Table  26  Neutralization  of  Dengue-2  Virus  in  Several  Physical 
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cooiunt  dose  (169  pfu)  of  RHA.  Thus,  antibody  titer  de<  rested  markedly 
when  tested  agalnat  purified  virus.  These  results  were  repeated  in 
another  test  graphed  on  probability  paper  in  Figure  3).  Plaque  responses 
are  generally  dose  related  in  this  type  of  test  as  indicated  by  a 
straight  line  with  the  311  pfu  dose  f roa  original  cell  culture  seed 
material,  30  per  cent  endpoints  being  determined  in  this  manner.  How¬ 
ever,  plaque  responses  of  virus  from  pellet  (231  pfu)  and  from  RHA 
(284  pfu)  were  not  dose  related  in  lower  dilutions  of  antibody.  Sharp 
departures  from  linearity  suggest  a  second  mechanism  of  action,  possibly 
contributing  to  lower  PRNT^q  titers.  This  departure  from  linearity  was 
confirmed  with  a  plaque  dose  as  low  as  132  pfu.  Purification  steps  may 
have  created  aggregation  and  fragawntatlon  problems;  aggregates  release 
infectious  particles  during  dilution  in  assay  procedures  and/or  frag- 
ssents  compete  or  bind  with  antibody.  The  solution  requires  a  diluent 
that  will  maintain  monodlsperse  suspensions  of  intact  virus  particles 
through  freezing, storage  and  thawing.  Until  such  a  diluent  is  formulated, 
elimination  of  non- infectious  antigen  from  seed  stocks  is  not  practical. 
The  current  practical  approach  to  improved  meaningful  neutralization 
analysis  of  dengue  viruses  may  rest  in  production  of  antibody  to  purified 
virus. 


3.  Isolation  of  Dengue  Type  3  in  1960  Singapore  and  1968 
Jamaican  and  Tahitian  Outbreaks:  A  frequently  fatal  hemorrhagic  fever 
disease  In  pediatric  populations  was  first  recorded  in  1954  in  Manila 
and  Bangkok;  similar  epidemics  occurred  again  in  1956  in  Manila  and  in 
1958  in  Bangkok  (Hammon).  Serum  specimens  obtained  in  1956  yielded 
virus  isolates  in  1957  that  were  identified  by  1960  as  being  two  new 
serotypes  of  dengue  virus,  designated  as  types  3  and  4.  Isolation  and 
characterization  of  these  new  viruses  (especially  type  3)  encompassed 
some  10  to  20  passages  in  suckling  mice  before  incubation  periods  were 
reduced  from  three  weeks  to  less  than  one  week,  and  before  virus  titers 
reached  sufficient  levels  for  serological  analysis  and  neutralization 
tests  in  mice.  Lengthy  procedures  in  dengue  virus  identification  were 
virtually  eliminated  when  Russell  et  al  recently  reported  isolation 
procedures  in  cell  culture  and  application  of  plaque  reduction  neutraliza¬ 
tion  (PRNT)  tests  for  rapid  and  unequivocal  identification  of  dengue 
viruses.  The  method  was  used  in  experiments  below  to  identify  the 
etiologic  agents  of  a  dengue- like  disease  in  Singapore  and  elsewhere  in 
Malaysia  during  1959  to  1960,  as  well  as  recent  outbreaks  in  Jamaica  and 
Tahiti  (1968).  Results  show  that  the  majority  of  these  viruses  were 
type  3  dengue.  Its  global  distribution  can  be  underscored  by  noting 
isolations  in  Pakistan  and  Puerto  Rico  in  previous  Reports. 

a.  Methods :  Seed  viruses  were  obtained  from  monkey  kidney 
or  pig  kidney  cell  cultures  incubated  at  36°C  for  8  to  14  days  and  used 
at  the  first  to  fourth  cell  culture  passage.  A  constant  dose  of  25 
plaque- forming  units  (pfu)  or  greater  was  mixed  with  2- fold  dilutions  of 
dengue  types  1  through  4  hyperimmune  mouse  ascitic  fluid,  incubated  for 
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JO  ainutes  at  room  temperature  and  inoculated  onto  monkey  kidney  mono- 
layers  as  described  above  or  pig  kidney  monolayers  (1968  Report)  in 
PRNT  tests.  Results  in  Tables  27  and  28  list  the  dilutions  of  antibody 
In  hyperimmune  souse  ascitic  fluids  that  neutralized  50  per  cent  of  the 
indicated  plaque  dose  as  determined  on  probability  paper.  The  majority 
of  the  isolates  are  clearly  type  3  dengue.  It  can  be  seen  that  there 
is  considerable  variation  in  titer  of  dengue  MHAF.  Experiments  described 
above  showed  that  purified  virus  produced  even  lower  antibody  titers  and 
further  suggested  that  this  problem  might  be  due  to  using  antibody  pre¬ 
pared  against  crude  virus  rather  than  using  antibody  prepared  against 
purified  virus;  non- infectious  antigen  appeared  to  block  neutralization 
of  infectivity  by  the  former;  but  not  the  latter.  It  remains  to  be  seen 
whether  antibody  prepared  against  purified  virus  will  minimize  extreme 
variations  in  titer  when  tested  in  PRNT  tests. 

VII.  The  Clearance  of  Horse  IgG-Globulins  from  Patients  who  have  Allergic 
Reactions  to  Equine  Anti-Rabies  Prophylaxis. 

At  the  present  time,  rabies  represents  a  considerable  threat  to 
military  personnel  troops  in  the  Republic  of  Viet  Nam.  Rabies  virus  is 
endemic  in  this  region,  and  a  significant  number  of  military  personnel 
become  exposed  to  rabies  during  their  tour  in  Viet  Nam.  Hyperimmune 
equine  anti-rabies  serum  is  frequently  used  for  prophylaxis  in  exposed 
personnel,  and  allergic  reactions  to  equine  antiserum  are  not  uncommon. 

The  work  described  below  was  designed  to  ask  the  specific  question;  will 
equine  anti-rabies  serum  confer  adequate  protection  to  the  individual 
who  develops  an  allergic  reaction  to  this  horse  serum? 

A.  Background: 

Upon  injection  of  foreign  serum  proteins  tc  animals  or  humans, 
three  phases  in  the  clearance  of  these  proteins  from  serum  can  be  recog¬ 
nized.  The  initial  phase,  the  period  of  equilibration,  lasts  approxi¬ 
mately  24  to  48  hours  and  represents  the  period  of  equilibration  of  the 
foreign  protein  between  the  extra- vascular  and  the  intra- vascular  spaces. 
If  the  protein  has  been  given  intramuscularly,  one  will  find  a  rapid  in¬ 
crease  in  its  concentration  in  serum  over  this  48  hour  period;  while  if 
it  has  been  given  intravenously,  one  will  find  a  rapid  decrease  in  its 
serum  concentration  over  a  48  hour  period.  The  second  phase,  the  period 
of  exponential  decline,  begins  at  about  48  hours  and  extends  for  a 
variable  period  of  time  thereafter.  During  this  phase,  the  serum  con¬ 
centration  of  foreign  protein  decreases  at  an  exponential  rate,  demon¬ 
strable  as  a  straight  line  by  plotting  the  concentration  of  foreign 
protein  on  a  log  scale  versus  the  time  following  injection  on  an  arith¬ 
metic  scale.  The  third  phase,  the  immune  stage,  is  one  of  rapid  elimina¬ 
tion  of  the  foreign  protein,  due  to  the  production  of  antibodies  to  the 
foreign  protein  by  the  host.  The  straight  line  of  the  exponential  phase 
abruptly  declines  downward  at  the  onset  of  the  immune  phase  as  the  protein 
very  rapidly  disappears  from  the  serum.  Humans  treated  with  horse  serum 
products  who  develop  allergic  reactions  to  these  products  might  therefore 


Table  27 


Identification  of  1960  Elisberg  Malaysian 
Dengue  Isolates  by  PRNT  in  Pig  Kidney  Cells 


Isolate  designation 

Mouse  hyperimmune  ascitic  fluid 

and  plaque  dose 

D-l 

D-2 

D-3 

D-4 

Loo  Bee  Lay 

57  pfu 

<10* 

<10 

80 

<10 

Goh  Chew  Wan 

223  pfu 

<10 

<10 

30 

\ 

<10 

Duns ford 

72  pfu 

<10 

<10 

80 

<10 

Yin  Kwai  Lan,  25  pfu 

<10 

10 

160 

<10 

1000  pfu 

<10 

<10 

23 

<10 

Warner 

38  pfu 

<10 

20 

320 

<10 

CSK,  14  pfu 

10 

>1280 

80 

10 

66  pfu 

20 

>1280 

70 

12 

Julleatt 

126  pfu 

<10 

200 

10 

<10 

Yacob  bin  Chenob 

78  pfu 

<10 

10 

45 

<10 

L/Cpl  Wilson 

68  pfu 

<10 

10 

54 

<10 

Bmbahadur,  518  pfu 

<10 

<10 

45 

<10 

29  pfu 

16 

<10 

56 

<10- 

Bertie 

29  pfu 

34 

25 

130 

11 

Homologous  virus 

300 

1200 

160 

90  . 

*  Reciprocal  of  50  per  cent  plaque  reduction  titer 


Table  28  Identification  of  1968-69  Jamaican  and 


Tahitian 

Dengue  Isolates 

from 

Human  1 

Jamaican 

HMAF 

Viruses 

D-l 

D-2 

D-3 

D-4 

J-384  4/29/68^ 

30b/ 

80 

>160 

<10 

J-403  5/5/68^ 

<10 

12 

160 

<10 

J-837/68 

10 

<10 

110 

<10 

J- 1005/68 

<10 

<10 

200 

<10 

J- 1007/68 

<10 

<10 

120 

<10 

J- 1096/68 

<10 

<10 

36 

<10 

J- 1203/68 

<10 

600 

<10 

<10 

J-  19  28  Jan  69^ 

<10 

>160 

20 

<10 

Tahitian 

Viruses^/ 

Str  4,  28354 

<10 

<10 

75 

<10 

Str  18,  28356 

20 

20 

>160 

10 

Str  22,  28358 

<10 

<10 

80 

<10 

Homologous 

Viruses 

300 

1200 

160 

90 

—  Serum  received  12  May  69  from  CDC,  Atlanta,  for 
identification. 

—  Reciprocal  of  50  per  cent  plaque  reduction  titer. 
£/  Received  as  first  suckling  mouse  brain  passage. 

^  Received  as  second  cell  culture  passage  from 

Dr.  Leon  Rosen. 
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b«  (lf«ct«4  to  c  1(41  tH«  (Jttlfr  *«tj  l  *p  i  £  l  »  !l>«  tU  I<[  a 

through  *n  i»jb«  r**ctio«.  Ib«f«  is.  bowsvct,  ««r>  littls  4«(<  u  th« 
literature  ptrtUm  to  the  cl««rasc«  of  hors*  »«tta  it  individual* 
developing  allergic  reaction*  after  its  adalul at  ratio*.  A*  opportunity 
to  study  this  problc*  cross  vfee*  LTC  Bruce  Mslaly.  stationed  st  C.S. 

Arwy  Triplet  General  Hospital,  obtained  sequential  bleedings  Iron  sight 
patients  who  developed  allergic  reactions  after  receiving  equine  anti* 
rabies  serua.  He  sent  these  serua  specimens  to  MLAlt  requesting 
henagg lut lnat ion  titrations  of  antibody  to  whole  horse  serua.  In 
addition,  assays  of  antibody  to  horse  IgC  sad  assays  of  the  concentra¬ 
tions  of  horse  IgC  In  these  sera  were  performed. 

B.  Methods: 

1  •  Heaaurcuent  of  Htasan  Antibodies  to  Whole  Horse  Serf  and  to 
Horse  IgG:  Antibody  to  whole  horse  serial  was  naasured  in  all  sera  by  a 
passive  hemagglutination  teat.  Hunan  type  0  red  cells  were  washed  three 
times  with  10  volumes  of  pH  7.2  buffered  saline  and  made  up  to  a  2.5X 
suspension  in  pH  7.2  saline.  IS  ml  of  this  red  cell  suspension  was  mixed 
with  15  ml  of  a  1:20,000  tannic  acid  solution  and  incubated  for  10  minutes 
at  37°C.  The  solution  was  then  centrifuged  at  1,200  rpm  for  5  minutes 
and  washed  with  30  ml  of  pH  7.2  saline.  The  red  cells  were  centrifuged 
and  resuspended  with  15  ml  of  plain  saline.  To  10  ml  of  this  red  cell 
suspension,  4  ml  of  pH  6.4  buffered  saline  and  10  ml  of  normal  horse  serum 
diluted  1:200  with  pH  6.4  saline  were  added.  After  15  minutes  incubation 
at  room  temperature,  the  cells  were  centrifuged,  washed  once  with  20  ml 
of  1:100  normal  rabbit  serum  in  plain  saline  and  diluted  to  10  ml  with 
1:100  normal  rabbit  serum:  this  suspension  served  as  antigen  for  the 
titration  reactions.  Titration  was  performed  by  adding  equal  volumes  of 
the  tanned  red  cell-antigen  suspensions  to  equal  volumes  of  serial 
dilutions  of  the  human  serum  to  be  assayed.  Titrations  were  done  both 
in  tubes  utilizing  a  total  volume  of  .5  ml  in  each  tube  and  in  microtiter 
plates  utilizing  a  total  volume  of  .  1  ml  per  cup. 

A  similar  type  of  passive  hemagglutination  titration  was  performed 
on  all  sera  with  horse  IgG  as  antigen  instead  of  whole  horse  serum  in 
order  to  measure  the  antibodies  produced  to  the  horse  IgG.  The  technique 
of  this  titration  was  similar  to  that  used  with  whole  horse  serum  with 
the  exception  that  tanned  red  cells  were  sensitized  with  10  ml  of  1.5  mg/ml 
horse  IgG  in  pH  6.4  buffered  saline  instead  of  the  10  ml  of  1:200  whole 
horse  serum. 

2.  Purification  of  Horse  IgG:  The  gamma  globulins  were  pre¬ 
cipitated  from  whole  horse  serum  by  making  the  serum  37%  saturated  with 
ammonium  sulfate.  After  washing  the  precipitated  globulins  once  with 
50%  saturated  ammonium  sulfate  the  resuspended  gamma  globulins  were 
dialyzed  over  night  against  .00525  M  pH  8.6  phosphate  borate  buffer 
(Biochem  Journal  74:201,  1960).  The  gamma  globulins  were  then  added  to 
a  large  column  containing  TEAE  (tetraethylaminoethyl  cellulose)  that  had 
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be«o  equilibrate  with  the  s cm  phosphate  borate  buffer.  Fractions 
were  collected  and  the  protein  content  in  each  was  measured  by  ab¬ 
sorption  at  ’ 60  au.  Those  fractions  containing  the  highest  concen¬ 
trations  of  horse  lgC  were  concentrated  by  vacuum  dialysis  and  tested 
for  purity  using  imBwoelectrophoresis  and  a  rabbit  anti-horse  whole 
serum  to  identify  the  components  of  horse  serum  present  in  the  IgG- 
globulln  fraction.  Although  traces  of  non-IgG  components  were  present 
In  such  preparations,  the  concentrations  appeared  very  small  in  com¬ 
parison  to  that  of  the  IgG-globulin. 

3.  Reduction  of  Horse  IgG  into  Heavy  and  LiRht  Chains:  A 
21  solution  of  purified  horse  IgG  that  had  been  dialyzed  against  .55M 
IRIS  buffer  brought  to  pH  8.2  with  concentrated  hydrochloric  acid,  was 
reduced  according  to  the  methods  described  in  Arch.  Biochem.  Biophys. 
supplement  l,  174,  1962.  Briefly,  2-mercaptoethanol  was  added  to  give 
a  final  concentration  of  .75M.  After  incubation  for  one  hour  at  room 
temperature,  the  reduced  gamma  globulins  were  cooled  in  an  ice  bath 
and  an  equal  volume  of  recrystalized  ,8M  iodoacetamide  was  added.  The 
pH  of  the  solution  was  maintained  at  8  with  trimethylamine.  After  one 
hour,  the  reduced  and  alkalinated  IgG  was  dialyzed  overnight  against 
saline  and  any  precipitate  was  removed  by  centrifugation.  It  was  then 
dialyzed  against  cold  in  propionic  acid  and  applied  to  a  G  100  column 
equilibrated  with  this  same  acid  solution.  The  first  protein  peak 
eluted  from  the  column  represented  the  heavy  chains  of  horse  IgG  while 
the  second  peak  represented  the  light  chains.  Two  rabbits  received 
3  mg  each  of  the  heavy  chains  of  IgG  and  were  bled  approximately  one 
month  later.  Each  produced  antibody  that  precipitated  horse  IgG,  horse 
IgG  heavy  chains  and  small  amounts  of  antibody  were  also  found  specific 
for  the  light  chains  of  horse  IgG.  Antisera  was  absorbed  with  incre¬ 
ments  of  light  chain,  and  increments  of  whole  human  serum  to  remove  any 
antibodies  to  these  substances.  The  final  preparation  of  rabbit  anti¬ 
horse  IgG-chain  precipitated  only  the  IgG-globulins  from  whole  horse 
serum  and  from  the  equine  anti-rabies  serum  as  demonstrated  by  immuno- 
electrophoresis.  Monospecificity  of  the  antigen  was  further  demonstrated 
by  comparing  the  quantitative  precipitin  curves  of  it  versus  both  whole 
horse  serum  and  the  purified  IgG-globulin  from  whole  horse  serum.  The 
two  curves  formed  by  these  substances  indicated  that  at  equivilance  the 
same  amounts  of  protein  were  precipitated  from  the  IgG  preparation  as 
were  precipitated  from  the  whole  horse  serum.  This  is  strong  evidence 
that  components  other  than  horse  IgG  were  not  precipitated  by  the  anti¬ 
heavy  chain. 


4.  Measurement  of  the  Concentration  of  Horse  IgG  in  Patient 
Serum:  Two  types  of  assays  were  used  to  measure  the  horse  IgG  contents 
in  the  patients  who  received  equine  anti-rabies  therapy.  The  first 
technique  was  radial  diffusion  and  utilized  8%  ion  agar  that  had  been 
filtered  at  50°C,  270  of  the  mono-specific  anti-heavy  chain,  and  20%  of 
the  normal  human  serum  to  prepare  plates.  Normal  human  serum  \ms  added 
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to  prevent  non-specific  precipitation.  Buffer  used  in  the  plates  was 
pH  7.5  phosphate  buffered  saline.  This  mixture  was  then  added  to  used 
plastic  immunoplates  that  had  been  cleaned  and  dried  (Hyland  Laboratories, 
Los  Angeles,  California).  2.9  ml  was  used  for  each  plate.  After  the 
agar  solidified,  six  holes  were  punched  in  the  plates  and  the  holes  were 
filled  with  the  serum  to  be  assayed  for  IgG.  After  24  hours  at  room 
temperature,  the  diameter  of  the  precipitin  rings  was  measured.  A 
standard  curve  was  obtained  by  using  known  concentrations  of  purified 
horse  IgG  diluted  in  normal  human  serum.  The  standard  concentrations 
of  IgG  were  measured  by  ascertaining  the  absorbency  at  280  mu,  and  as¬ 
suming  that  the  extinction  coefficient  of  horse  IgG  was  14, 

Concentrations  of  horse  IgG  in  the  patient's  sera  were  also 
measured  by  the  more  accurate  quantitative  precipitin  test.  For  this 
test,  between  .05  and  .2  ml  of  the  human  serum  to  be  assayed  was  added 
to  tubes  containing  .8  ml  of  mono- specif ic  rabbit  anti-horse  IgG-heavy 
chain.  After  one  hour  at  37°  and  3  days  at  4°,  the  tubes  were  centri¬ 
fuged  and  washed  three  times  with  cold  phosphate  buffered  saline.  Pre¬ 
cipitates  were  then  measured  in  3.3  ml  of  folin  reagent.  A  standard 
curve  was  obtained  by  using  varying  concentrations  of  purified  horse 
IgG  diluted  in  normal  human  serum. 

5.  Immunoelectrophoresis:  All  patient's  sera  were  examined 
for  precipitating  antibody  to  the  proteins  of  horse  serum.  This  was 
done  by  a  simple  immunoelectrophoretic  test,  using  a  single  slide  fcr 
each  serum.  The  upper  hole  on  the  slide  was  filled  with  equine  anti¬ 
rabies  and  the  lower  hole  was  filled  with  whole  normal  horse  serum. 

After  the  electrophoretic  run,  the  patient's  serum  was  added  to  the 
trough.  In  this  manner,  one  could  identify  those  human  sera  with  pre- 
cipitins  to  horse  serum  proteins  and  determine  for  which  horse  serum 
proteins  the  human  antibody  was  specific. 

C.  Results : 

Table  29  illustrates  the  clinical  data  of  the  eight  patients 
included  in  the  study  group.  The  patients  varied  in  age,  3^  years  to 
42  years,  and  received  doses  of  equine  anti-rabies  serum  that  was  con¬ 
sistent  with  their  weight.  It  is  evident  that  all  had  varied  allergic 
reactions  to  the  horse  serum.  Although  these  individuals  also  received 
the  duck  embryo  rabies  vaccine,  it  is  unlikely  that  these  allergic  re¬ 
actions  were  related  to  this  vaccine,  since  but  one  of  18  patients  who 
received  the  duck  embryo  vaccine  alone  during  this  same  epidemic  had  an 
allergic  reaction.  The  clearance  of  the  horse  IgG  of  individual  patients 
and  their  antibody  titers  to  whole  horse  serum  and  to  horse  IgG-globulin 
are  Illustrated  in  Tables  30  through  37.  Patient  #1  (Table  30)  developed 
serum  sickness  beginning  on  about  day  6  and  was  hospitalized.  High 
titers  of  agglutinins  to  tanned  human  0  cells  sensitized  with  whole  horse 
serum  were  found  by  day  15  following  injection.  In  contrast,  this 
patient  showed  quite  low  titers  to  0  cells  sensitized  with  purified  horse 
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Table  29  Clinical  Data  of  tfce  ^or«U( ifl» 
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?he*«  4«l«  1K0V  l he  following  points  ()  Alt  eight  M<  l«nl  •  Ml 
M*l  fe*l  #1  Ion*  cf  an  allergic  reaction  which  weft  almost  certainly  41  * 
irlMibU  Id  lh#  equine  iMl-nbUi  prifirilM,  I)  *H  Ml  MU  M*' 
duced  inllMy  to  the  equine  ant  I- rabies  11  detected  by  (he  4|| lul Mat loo 
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))  three  at  the  eight  patient*  produced  antibody  (hat  precipitated  with 
ne  or  **ore  components  ot  horse  serum.  In  no  case  could  precipitating 
antibody  to  horse  lgC  be  demonstrated;  however,  (he  antibody  appeared 
specific  toward  slther  alpha  or  beta  globutlna.  4)  little  or  no  anti¬ 
body  was  produced  to  the  horse  lgC  component  of  horse  serusi  as  detected 
by  the  agglutination  of  tannad  human  0  calls  aensltitad  with  purified 
IgC  and  5)  two  techniques  for  measuring  the  catabolism  of  horse  lgC  In 
sequential  bleedings  from  the  eight  patients  indicated  that  in  no  case 
was  there  evidence  of  an  lnaoune  clearance.  Horae  IgC  was  always  de¬ 
tectable  30  days  or  more  after  Immunisation  and  in  two  patients  small 
amounts  of  this  globulin  persisted  as  long  as  approximately  80  days 
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Tab  I*  38  Prec Ip  1 1  atlon  of  Neutralizing  Activity  from 
Equine  Anti-Rabies  by  Antl-TgG 


Anti-Rabies 

ml 

mbs 

Exp.  Date 

■  1 

Antl-IgG 

i 

Nov  68 

.005 

1.0 

2 

Nov  68 

.005 

3 

Jui.  70 

.005 

1.0 

4 

Jun  70 

.005 

ml 

normal 

rabbit 

serum 

IgG 

mg/ml 

remaining 

Neutralizing 

titer 

remaining 

<.01 

<1:2 

1.0 

.38 

1:4.7 

<.01 

<1:2 

1.0 

.41 

1:6.2 

in  prel Ininary  experiments,  be  to  use  an  animal  system.  The  clearance  of 
horse  l|C-globulins  following  the  administration  of  whole  equine  anti- 
rables  Co  two  apecies  of  animals  was  the  next  study.  Groups  of  eight 
■ice  were  injected  with  five  units  of  equine  anti-rabies  per  pound,  30 
units  of  equine  anti-rabies  per  pound,  300  units  of  equine  anti-rabies 
per  pound  and  3000  units  of  equine  anti-rabies  per  pound.  The  injections 
were  by  the  Intraperl  tones  1  route  as  Intravenous  injections  of  the  equine 
anti-rabies  in  moderately  high  concentrations,  proved  lethal  for  mice. 
Sena  was  obtained  from  the  mice  by  bleeding  them  via  the  tail  on  days  3, 
10.  17.  21.  27.  39,  49  and  64  following  Infection.  Blood  was  collected 
in  capillary  tubes,  centrifuged  to  remove  the  red  cells,  and  then  frozen 
in  sealed  capillary  tubes  until  the  time  of  assay.  IgG  contents  were 
■ensured  in  radial  diffusion  plates  using  the  same  mono-specific  antisera 
and  techniques  used  to  nsasure  the  levels  of  horse  IgG  in  the  human  sera. 
The  rabbit  anti-horse  heavy  chain  did  not  have  to  be  absorbed  with  mouse 
serwB  sines  this  antiserum  did  not  precipitate  anything  from  normal  mouse 
serum.  The  results  of  these  experiments  strongly  suggest  that  mice  re¬ 
spond  to  horse  sertm  very  much  the  same  way  humans  do.  In  the  mice  ad¬ 
ministered  6  units  per  pound,  horse  IgG  was  usually  detectable  10  days 
after  the  injection.  In  those  administered  30  units  per  pound,  IgC  was 
p recent  21  to  27  days  following  injection  and  IgG  was  present  27  to  49 
days  after  300  to  3000  unit  injections.  Only  in  rare  cases  did  the 
clearance  of  horse  IgG  follow  an  lawns  pattern  during  the  time  of  clear¬ 
ance.  A  seal- log  plot  of  the  data  (concentration  of  horse  IgG  on  the  log 
scale  and  the  day  following  injection  on  the  arithmetic  scale)  showed  that 
clearance  almost  always  was  in  straight  line  suggesting  that  the  mice  did 
not  respond  by  producing  antibody  to  the  IgC.  Clearance  of  horse  IgG 
in  nine  rabbits  administered  equine  anti-rabies  was  also  measured  in 
similar  fashion.  Three  anlatals  each  received  6  units  per  pound,  30  units 
per  pound  and  100  units  per  pound  equine  anti-rabies  given  intravenously. 
Concentration  of  horse  IgG  was  neasured  by  radial  diffusion  in  serum  ob¬ 
tained  from  the  rabbits  10  minutes  after  injection,  and  at  2,  4,  6,  9  and 
13  days  after  injection.  The  data  suggested  that  rabbits  did  respond  to 
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the  IgG  component  of  horse  serum  and  cleared  this  protein  by  immunological 
mechanisms.  In  all  animals  the  concentration  of  horse  IgG  dropped  rapidly 
between  10  minutes  and  2  days  following  injection,  during  the  equilibra¬ 
tion  phase.  Concentrations  leveled  off  at  a  slower  rate  between  2  and  4 
days  following  infection  and  then  disappeared  very  rapidly  and  were  always 
undetectable  at  9  days. 

D.  Discussion: 

Data  presented  here  shows  that  patients  with  manifestations  of 
serum  sickness  following  administration  of  equine  anti-rabies  serum  do  not 
necessarily  clear  horse  IgG-globulin  as  a  result  of  an  immune  response. 

It  appears  that  serum  sickness  is  probably  due  to  other  components  in 
the  equine  anti-rabies  serum,  probably  beta  or  alpha  globulins.  None  of 
those  persons  studied  were  known  to  receive  any  horse  serum  products 
previously.  It,  therefore,  remains  to  be  determined  whether  individuals 
who  are  previously  sensitized  to  horse  serum  have  similar  exponential 
clearance  of  horse  IgG  as  the  patients  studied.  It  is  possible  that  given 
enough  injections  of  horse  serum  one  would  ultimately  develop  an  inanune 
response  to  the  horse  IgG  and  clear  it  quickly  from  the  circulation.  Less 
allergic  reactions  might  occur  if  an  adequate  preparation  of  purified  IgG 
from  equine  anti- rabies  were  administered  to  patients  rather  than  the 
whole  equine  anti-rabies.  Even  a  more  promising  alternative  would  be  to 
administer  gamma-globulin  of  immunized  humans  since  one  would  completely 
eliminate  the  potential  for  allergic  reactions  by  this  treatment.  Hyper¬ 
immune  horse  serum,  however,  continues  to  be  used  in  other  forms  of  therapy 
such  as  for  treating  snake  bites,  botulism  and  organ  transplant  rejection 
(horse  anti- lymphocyte  serum).  Use  of  purified  horse  IgG-globulin  pre¬ 
pared  from  such  hyperimmune  sera  should  result  in  fewer  allergic  reactions 
than  currently  occur  after  administration  of  whole  horse  serum. 

VIII.  The  IgM  Response  of  Children  to  S.  typhosa  Vaccine. 

Abstract. 

Children  immunized  with  commercial  typhoid  vaccine  had  elevations  of 
total  IgM-globulins  that  averaged  55%  above  pre- immunization  levels  with¬ 
in  ten  days.  Concentrations  of  IgM  specific  for  the  surface  antigens  of 
j>.  typhosa  were  found  by  measuring  the  decrease  in  total  IgM  levels  that 
followed  absorption  of  the  children's  sera  with  whole  S.  typhosa  organisms. 
On  the  days  when  IgM-globulins  were  highest,  sera  contained  at  least  22 
to  32  mg/100  ml  of  IgM  anti-typhoid.  This  antibody  accounted  for  18  to 
30%  of  all  IgM  in  these  sera  and  with  one  exception,  most  of  the  IgM- 
globulin  increase  that  had  occurred  since  inmunization. 

The  amounts  of  IgM  specific  for  the  0  somatic,  H  flagellar  and  Vi 
antigens  of  typhoid  were  compared  in  the  sera  of  four  immunized  children. 
The  assay  involved  measuring  the  concentrations  of  IgM  that  various 
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antigens  absorbed  from  sera  taken  near  the  height  of  the  response.  The 
concentrations  specific  for  Vi  were  probably  quite  low,  the  amounts 
directed  to  the  0  antigen  were  measurable  in  2  of  4  children  but  con¬ 
stituted  less  than  half  of  their  anti-typhoid,  while  IgM  anti-H  pre¬ 
dominated  in  this  response.  Polymerized  flagellin  absorbent  containing 
H  and  0  antigens  removed  22  to  76  mg  IgM  antibody/ 100  ml  from  sera  taken 
within  two  weeks  of  immunization.  This  accounted  for  as  much  as  507.  of 
all  serum  IgM-globulins  and  in  7  of  the  8  children  essentially  all  of 
the  total  IgM-globulin  increase  that  followed  immunization. 


Background. 

In  a  previous  report  (see  Annual  Report,  Dept  of  Virus  Diseases, 
1967-1968)  serum  IgM  levels  in  Basic  Combat  Trainees  were  found  to  rise 
during  the  first  three  weeks  of  training  and  return  to  normal  levels 
by  the  end  of  basic  training.  One  hypothesis  to  explain  this  increase 
in  IgM  is  that  it  represents  a  response  to  the  several  immunizations 
received  during  the  first  weeks  of  BCT.  Children  immunized  with 
j>.  typhosa  vaccine  developed  increased  serum  IgM  levels  within  two  weeks. 
The  following  experiments  were  performed  to  determine  what  proportion  of 
the  serum  IgM  increase  was  specific  anti- typhoid  antibody  and  to  determine 
the  components  of  the  IgM  response  which  are  specific  for  the  0,  H,  and 
Vi  antigens  of  typhosa. 


A.  Methods  and  Materials: 


1.  Immunization:  A  commercial  heat-phenol  vaccine  (E.  Lilly 
and  Co.,  Indianapolis,  Illinois)  containing  1  x  l(r  j>.  typhosa  (9,  12, 
Vi:d:-)  per  ml  was  given  subcutaneously  to  eight  children  3-7  years  of 
age.  Four  received  0.5  ml  on  day  0  and  four  0.5  ml  on  days  0  and  7. 
Sera  obtained  immediately  before  immunization  and  on  days  7,  10,  14  and 
28  were  stored  at  -20°C.  No  child  had  a  history  of  previous  typhoid 
immunization,  although  three  (W.S.,  W.D.  and  M.R.)  possessed  low  levels 
of  flagellar  (H)  and  somatic  (0)  agglutinins  to  S>.  typhosa  in  day  0 
bleedings. 


2.  Total  Serum  Immunoglobulins:  Serum  IgG  and  IgA  levels  were 
quantitated  by  radial  diffusion  using  commercially  produced  (Hyland 
Laboratories,  Los  Angeles,  California)  agar  plates  and  standards.  Serum 
IgM  concentrations  were  assayed  by  a  more  accurate  micro-quantitative 
precipitin  technique;  IgM  was  purified  from  euglobulins  of  normal  human 
serum  by  block  electrophoresis  with  polyvinyl  chloride  particles  and 
Sephadex  G-200  gel  filtration.  The  protein  content  of  the  purified  IgM 
was  measured  in  a  Beckman  DU2  Spectrophotometer  at  280  mu  assuming  an 
^tcm  of  11.85.  This  preparation  was  judged  pure  by  immunoelectrophoresis 
and  the  identification  of  a  single  18S  component  by  analytical  ultra¬ 
centrifugation.  Rabbi*-  anti-IgM  was  prepared  by  injecting  two  animals 
with  three  monthly  intradermal  doses  of  1  to  5  mg  each,  the  first  in 
Freund's  complete  and  subsequent  two  in  incomplete  adjuvant.  Serum  taken 
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prvclplt  lit  assay.  2  mg  of  rabbit  IgG  anti-egg  albumin  precipitated  at 
•quIvsUticc  with  antigen  waa  added  per  1  ml  of  human  serum.  The  sus¬ 
pension  was  Incubated  for  two  hours  at  room  temperature,  three  days  at 
4°  and  the  precipitate  then  removed  by  centrifugation. 

5.  Tltere  of  S,  typhoaa  Agglutinins;  Agglutinins  were  titered 
In  V-bottoa  microplates  (Cook  Engineering,  Alexandria,  Virginia).  Human 
0  red  cells  coated  with  purified  VI  antigen,  generously  provided  by 

Dr.  S.  Formal  were  used  for  Vi  titers,  formalized  j>.  typhoaa  H901  was 
used  to  sMaeure  H  agglutinins,  and  JS.  typhoaa  0901  killed  with  alcohol 
and  phenol  was  the  antigen  for  0  titrations.  Endpoints  for  the  three 
procedures  were  Identified  by  settling  patterns.  PBS  was  the  diluent 
for  0  and  VI  assays,  but  in  order  to  read  settling  patterns  the  H  anti¬ 
gen  had  to  be  diluted  in  PBS  containing  .5%  normal  rabbit  serum.  This 
latter  procedure  was  very  sensitive;  H  titers  of  individual  sera  were 
usually  16- fold  higher  than  those  measured  by  standard  tube  dilution 
assays;  It  was  less  selective,  however,  since  sera  containing  only  0 
antibody  also  agglutinated  formalized  antigen.  This  was  of  little  con¬ 
sequence  since  H  titers  were  much  higher  than  0  titers  under  the  con¬ 
ditions  of  these  experiments. 

Agglutinins  due  to  IgM  antibody  were  identified  by  reduction  with 
2-mercaptoethanol.  Equal  volumes  of  serum  and  .1M  2-ME  were  incubated 
in  pH  7.5  PBS  for  one  hour  and  then  diluted  with  PBS  and  titered.  As  a 
control  of  this  technique,  a  serum  with  only  macroglobulin  agglutinins 
and  a  serum  with  only  7S  agglutinins,  as  determined  by  sucrose  gradient 
ultracentrifugation,  were  included  as  controls  each  time  the  reduction 
was  performed. 

6.  IgM  Assayed  by  Absorption  with  Polymerized  Flagellin: 
Polymerized  flagellin  was  prepared  from  j>.  typhosa  H901  according  to 
methods  modified  from  those  outlined  by  Ada  et  al.  This  organism  was 
grown  overnight  on  heart  infusion  broth  containing  .9%  agar,  harvested 
with  PBS  and  killed  by  adding  daily  .02%  increments  of  thimerosal.  The 
flagella  were  then  sheared  from  bacteria  in  a  blender  and  purified  by 
four  cycles  of  differential  centrifugation  alternating  between  5000  G 
for  25  minutes  to  remove  bacterial  debris  and  40,000  G  for  45  minutes 
to  sediment  flagella.  The  purified  flagella  were  next  depolymerized  to 
their  protein  constituent  flagellin  by  adding  1/20  volume  of  IN  HCl. 

This  was  accompanied  by  a  marked  clearing  and  a  decreased  viscosity  of 
the  solution.  After  insoluble  materials  were  removed  by  centrifugation 
at  80,000  G  for  one  hour,  the  supernatant  fluid  containing  the  flagellin 
was  neutralized  with  NaOH,  and  two  volumes  of  cold  saturated  ammonium 
sulfate  were  added  to  polymerize  and  precipitate  the  flagellin.  After 
recovery  by  centrifugation  at  20,000  G,  the  flagellin  was  placed  through 
the  depolymerization  cycle  again  to  insure  its  purity. 

The  protein  contents  of  purified  flagellin  solutions  were  measured 
either  directly  by  drying  an  aliquot  to  constant  weight  at  105°  after 


it  had  been  dialyzed  against  distilled  water,  or  indirectly  by  comparing 
the  OD  at  280  mu  of  an  unknown  depolymerized  flagellin  solution  with  the 
OD  of  a  solution  standardized  by  the  direct  method. 


IgM  anti-f lagellin  was  measured  by  mixing  serum  from  which  com¬ 
plement  had  been  removed  with  a  volume  of  purified  polymerized  flagellin 
to  yield  a  final  serum  dilution  of  1:10,  Flagellin  was  used  within 
three  weeks  of  preparation  since  aging  seemed  to  increase  its  tendency 
to  remove  IgM  non-specit'cally.  After  the  mixtures  were  incubated  for 
one  hour  at  37°C  and  overnight  at  4°C,  the  solutions  were  transferred  to 
26  x  90  mm  polycarbonate  tubes  and  centrifuged  at  4°  for  one  hour  at 
60,000  G  in  a  Type  30  Beckman  rotor.  When  the  fixed  angle  rotor  stopped, 
a  clear  pellet  of  flagellin  remained  above  the  upper  level  of  liquid 
(usually  1  ml  in  volume).  At  least  907,  of  the  280  mu  absorbing  material 
was  removed  from  solutions  of  flagellin  by  this  treatment. 

B.  Results : 

1.  Serum  Immunoglobulin  Levels  Following  Typhoid  Immunization: 
Total  levels  of  IgG- ,  IgA-  and  IgM-globulins  were  measured  in  sera  taken 
immediately  before  and  7,  10,  14  and  28  days  after  injection  of  typhoid 
vaccine.  The  differences  between  levels  on  days  0  to  7,  0  to  10,  0  to 
14  and  0  to  28  were  calculated  for  each  immunoglobulin  in  each  child. 
Figure  34  illustrates  the  means  of  these  differences  for  all  eight 
children.  IgG  and  IgA  changed  relatively  little  after  immunization; 
neither  was  more  than  15%  above  baseline  (the  day  0  level)  on  any  study 
day.  In  contrast,  IgM  increased  rapidly  to  a  peak  averaging  55%  above 
baseline  on  day  10  before  declining  towards  starting  levels.  The  IgM 
levels  of  individual  children  are  illustrated  in  Table  39.  Their  per¬ 
centage  changes  from  baseline  to  highest  levels  ranged  from  21  to  127% 
and  averaged  68%.  In  all  but  two  cases  (M.R.  and  J.B.)  IgM  was  falling 
towards  baseline  on  day  28.  The  IgG,  IgA  and  IgM  changes  of  children 
given  a  single  dose  were  not  noticeably  different  from  the  changes  in¬ 
duced  by  two  doses  of  vaccine. 

2.  IgM  Removed  by  S.  typhosa:  Concentrations  of  specific  IgM 
typhoid  antibody  were  determined  by  measuring  the  reduction  in  total 
serum  IgM-globulins  that  followed  absorption  with  whole  j>.  typhosa  or¬ 
ganisms.  Six  sera  taken  from  four  of  the  children  on  days  when  IgM- 
globulins  were  highest  were  absorbed  as  follows.  Measured  aliquots  of 
serum  from  day  0  and  the  day  or  days  of  highest  IgM  levels  were  mixed 
with  equal  volumes  of  PBS  (the  unabsorbed  control)  and  with  the  same 
volume  of  Si.  typhosa  and  milwaukee  suspensions  in  PBS.  The  latter 
organism  does  not  share  H,  0  or  Vi  antigens  with  the  typhoid  bacillus. 
After  Incubation,  bacteria  were  removed  by  centrifugation,  complement 
was  absorbed  and  the  IgM  remaining  in  the  supernatant  fluids  assayed  by 
quantitative  prccipitins.  The  dilutions  of  all  such  steps  were  exact 
so  that  the  IgM  ultimately  measured  by  quantitative  precipitins  could 

be  converted  by  calculation  to  mg/100  ml  in  the  original  undiluted  serum. 
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As  shown  in  Table  40,  IgM  was  not  removed  from  sera  that  lacked 
antibody  to  its  absorbent.  Day  0  levels  were  not  lowered  by  either 
organism,  and  S.  milwaukee.  having  no  specific  typhoid  antigens,  did 


Table  40  IgM  Remaining  after  Serum  was  Absorbed  with 
j>.  milwaukee  and  £>.  typhosa 

Subject  and  mg  IgM/ 100  ml  Serum  Remaining  after  Absorption 


Vaccine  Dose 

Day 

Saline 

S.  milwaukee 

S.  typhosa 

PR  .5  ml 

0 

40 

42 

41 

Day  0 

7 

87 

89 

59 

10 

71 

76 

49 

MM  .5  ml 

0 

108 

112 

108 

Day  0 

10 

179 

182 

147 

MR  .5  ml 

0 

70 

79 

72 

Day  0 

10 

99 

103 

74 

WS  .5  ml 

0 

103 

113 

106 

Day  0  and  7 

10 

160 

169 

128 

14 

146 

149 

119 

^  Sera  of  PR  and  MM  were  absorbed  with  an  equal  volume  of  1.5  x  10*^ 

S.  typhosa  and  S.  milwaukee  per  ml  while  MR  and  WS  were  absorbed  with 
2.5“Tl0lT/ml. - 


not  absorb  IgM  from  sera  taken  at  the  height  of  the  response.  In  con¬ 
trast,  S.  typhosa  removed  IgM  from  all  post- immunization  sera  studied, 
presumably  by  absorbing  specific  antibody.  The  amounts  taken  by  this 
organism  were  calculated  by  subtracting  IgM  left  after  absorption  from 
the  unabsorbed  (saline)  values.  For  example,  in  the  day  7  bleeding  of 
P.R.,  SI.  typhosa  reduced  IgM  from  87  to  59  mg/100  ml.  Presumably  the 
28  mg  removed  is  specific  IgM  typhoid  antibody.  The  results  of  similar 
calculations  for  all  six  sera  of  Table  40  are  summarized  in  Table  41. 
Between  22  and  32  mg  IgM  anti-typhoid/100  ml  serum  were  removed  by 
S.  typhosa  at  the  peak  of  the  response.  Table  41  also  relates  these 
antibody  concentrations  to  the  other  IgM-globulins  in  these  sera.  IgM 
typhoid  antibody  accounted  for  19  to  327.  of  the  total  IgM-globulins  in 
their  respective  sera  and,  with  one  exception,  accounted  for  the  majority 
of  the  increase  in  IgM-globulins  that  had  occurred  since  day  0. 

3.  Typhoid  Agglutinins:  H,  0  and  Vi  agglutinins  were  titered 
in  day  0,  7,  10,  14  and  28  bleedings  of  the  eight  children  studied. 
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Table  41  IgM  Removed  by  j>.  typhosa 


Subject 

Day 

IgM  Anti-Typhoid 
mg/100  ml 

%  of  Total 
Serum  IgM^3) 

%  IgM  Increase 
From  Day  0^) 

PR 

7 

28 

32% 

60% 

10 

22 

31% 

71% 

MM 

10 

32 

18% 

45% 

MR 

10 

25 

25% 

86% 

WS 

10 

32 

20% 

56% 

14 

27 

19% 

63% 

Antibody  IgM  on  indicated  day  i  total  serum  IgM  on  indicated  day 
x  100. 

(k)  Antibody  IgM  on  indicated  day  i  (total  serum  IgM  on  indicated 
day  -  day  0  level  of  same  child)  x  100. 


Peak  levels  for  each  antigen  occurred  on  days  7  to  14  in  every  case.  At 
their  highest  values,  0  agglutinins  ranged  from  1:320  to  1:2560  and  H 
microtiters  ranged  from  1:10,240  to  1:81,920.  Vi  titers  were  not  de¬ 
tected  in  M.M, ' s  sera  and  were  low  in  the  others,  not  surpassing  1:80 
in  any  child.  The  H,  0  and  Vi  agglutinins  of  sera  listed  in  Table  41 
were  apparently  due  to  macroglobulin  antibodies  since  titers  were  below 
1:20  after  reduction  with  2-ME. 

H,  0  and  Vi  agglutinins  were  also  titered  in  aliquots  of  super¬ 
natant  fluids  left  after  the  absorption  shown  in  Table  40  to  monitor 
removal  of  these  antibodies  by  Si.  typhosa.  Table  42  summarizes  rep¬ 
resentative  data  of  one  child.  As  expected,  J>.  mllwaukee  did  not  lower 
H,  0  or  Vi  agglutinins  from  their  unabsorbed  (saline)  values.  In  con¬ 
trast,  j>.  typhosa  removed  essentially  all  Vi  and  0  agglutinins  and  re¬ 
duced  H  titers  4-fold  on  day  7  and  8-fold  on  day  10.  This  pattern  of 
essentially  complete  removal  of  anti-Vi  and  anti-0  but  only  a  2-  to 
8-fold  reduction  of  anti-H  was  found  in  all  sera  absorbed  with  S.  typhosa. 
Thus,  since  a  portion  of  the  IgM  anti-H  remained  in  the  supernatant 
fluids,  the  actual  concentrations  of  antibody  may  be  higher  than  those 
calculated  ir  Table  41.  For  reasons  not  entirely  clear,  absorption  of 
these  sera  at  up  to  1:5  dilutions  with  larger  numbers  of  S.  typhosa 
generally  did  not  remove  significantly  more  IgM  or  H  agglutinins.  Per¬ 
haps  the  portion  of  this  early  IgM  antibody  not  absorbed  has  a  very  low 
binding  strength  for  its  antigen. 
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Table  42  Agglutinins  Following  Absorption 
of  Sera  of  PR 


Absorbent 


Antigen 

Day 

Saline 

S.  milwaukee 

S.  typhosa 

H 

0 

<10 

<10 

<10 

7 

10,240 

10,240 

2,560 

10 

10,240 

10,240 

1,280 

0 

0 

<20 

<20 

<20 

7 

1,280 

2,560 

<20 

10 

1,280 

1,280 

<20 

Vi 

0 

<10 

<10 

<10 

7 

80 

80 

<10 

10 

40 

40 

<10 

4.  Non-Specific  Absorption  of  IgM-Globulins :  All  interpre¬ 
tations  of  these  data  hinge  upon  the  assumption  that  only  specific  IgM 
was  absorbed  by  £.  typhoaa.  This  contention  is  supported  by  the  failure 
of  this  organism  to  remove  IgM  in  sera  taken  before  immunization  and  by 
the  failure  of  S.  milwaukee,  lacking  typhoid  0,  H  and  Vi  antigens,  to 
reduce  IgM  in  post- immunization  sera.  It  remained  conceivable,  however, 
that  small  amounts  of  anti- typhoid  in  immune  sera  could  trap  significant 
amounts  of  non- anti- typhoid  IgM  during  absorption.  The  experiment  sum¬ 
marized  in  Table  43  tested  this  possibility.  Antiserum  was  obtained 


Table  43  Failure  of  Rabbit  Anti-S>.  typhosa  to 

Non-specif ically  Trap  Normal  Human  IgM 


Sublect 

Day  0  Serum 
PBS 

S.  typhosa 

Day  0  Serum 
Rabbit  Anti-Typhoid 
S.  typhosa 

US 

101 

108 

m 

111 

113 

m 

73 

77 

IgM  assayed  in  supernatant  fluids  by  quantitative  pre- 
cipltlns  is  expressed  in  mg  human  IgM/ 100  ml  of  day  0 
serum.  .08  ml  each  of  day  0  human  serum,  5  x  10 ^ 

typhosa /ml  and  either  PBS  or  rabbit  anti- typhoid  sera 
were  Incubated  and  centrifuged  as  before.  Human  IgM  was 
not  detected  by  quantitative  precipitins  in  a  control  of 
equal  parts  of  rabbit  anti-typhoid,  £.  typhosa  and  PBS. 
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Table  44  IgM  Remaining  in  Sera  after  Absorption 
with  Different  Strains  of  j>.  typhosa (a) 


mg  IgM/ 100  ml  Serum  Remaining 
After  Absorption  with  Indicated  Antigens 


Subject  and 
Vaccine  Dose 

Day 

Unabsorbed 

(Saline) 

0 

(0901) 

0+H 

(H901) 

0+H+Vi 

(Vaccine) 

PR 

0 

40 

40 

43 

41 

.5  ml 

7 

87 

75 

65 

59 

day  0 

10 

71 

65 

56 

49 

MR 

0 

70 

72 

74 

72 

.5  ml 
day  0 

10 

99 

98 

82 

74 

MM 

0 

108 

111 

107 

108 

.5  ml 
day  0 

10 

179 

182 

156 

147 

WS 

0 

103 

104 

101 

106 

.5  ml 

10 

160 

147 

129 

128 

day  0  and  7 

14 

146 

131 

122 

119 

(a)  PR  and  MM  were  absorbed  with  1.5  x  10^  of  each  organism/ml  of 
serum,  while  MR  and  WS  were  absorbed  with  2.5  x  10ll/ml  of  serum. 


Table  45  Concentrations  of  IgM  Removed  by 
Various  Strains  of  S,  typhosa 


mg  IgM  Antibody/ 100  ml  Serum 


Sublect 

Day 

0 

(0901) 

OfH 

(H901) 

OfH+Vi 

(Vaccine) 

PR 

7 

12 

22 

28 

10 

6 

15 

22 

MR 

10 

1 

17 

25 

MM 

10 

-3 

23 

32 

WS 

10 

13 

31 

32 

14 

15 

24 

27 
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took  the  most  IgM  from  these  sera.  Presumably  these  values  represent 
antibody  specific  for  the  different  absorbents.  We  expected  to  cal¬ 
culate  the  amounts  of  IgM  directed  to  the  individual  typhoid  antigens 
by  a  series  of  subtractions  of  these  data.  Anti-0  should  have  equaled 
the  IgM  absorbed  by  0  antigen,  anti-H  should  have  equaled  anti-OfH  minus 
anti-O,  while  anti-Vi  should  have  equaled  anti-OfHfVi  minus  anti-OfH. 

It  was  only  possible,  however,  to  discern  IgM  specific  for  the  0 
antigen  with  this  information.  0,  H  and  Vi  agglutinins  were  titered  in 
aliquots  of  all  unabsorbed  (saline  treated)  and  absorbed  sera  to  monitor 
the  removal  of  the  corresponding  antibodies.  Table  46  illustrates  rep¬ 
resentative  data  from  a  single  child.  The  three  strains  of  typhoid 


Table  46  Titers  of  Agglutinins  Remaining  in  Sera  After 

Absorption  with  Different  Strains  of  S.  typhosa^8' 


Absorbent 


Agglutinin 

Day  of 

None 

0 

OfH 

OfHfVi 

Titered 

Bleeding 

(Saline) 

(0901) 

(H901) 

(Vaccine) 

0 

7 

1,280 

<20 

<20 

<20 

10 

1,280 

<20 

<20 

<20 

H 

7 

10,240 

10,240 

5,120 

2,560 

10 

10,240 

10,240 

2,560 

1,280 

Vi 

7 

80 

80 

20 

<10 

10 

40 

40 

<10 

<10 

Sera  of  PR. 


removed  essentially  all  0  agglutinins  from  the  children's  sera,  and  the 
organism  possessing  only  0  did  so  without  reducing  H  or  Vi  titers.  This 
suggests  the  latter  organism  removed  only  that  IgM  specific  for  its  0 
antigen.  But  the  titers  also  Indicated  absorption  with  these  organisms 
could  not  be  used  to  differentiate  IgM  specific  for  H  and  Vi.  First, 
although  neither  OfH  nor  OfHfVi  removed  all  H  agglutinins,  the  latter 
organism  consistently  reduced  these  titers  slightly  more  than  the  former. 
Thus,  the  difference  between  I?M  absorbed  by  OfHfVi  and  OfH  is  not 
necessarily  all  antl-Vl;  some  may  be  anti-H.  Further,  OfH  although 
allegedly  devoid  of  Vi,  consistently  reduced  Vi  agglutinins  by  one  or 
two  2-fold  dilutions.  Therefore,  the  difference  between  IgM  removed  by 
0  and  OfH  is  not  necessarily  all  anti-H;  some  may  be  anti-Vi. 

As  shown  in  Table  45,  sera  of  two  children  lost  small  amounts  of 
IgM  to  the  organism  containing  only  0  antigen.  To  substantiate  that 
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this  represented  anti-O,  the  0  and  OfhfVi  strains  were  held  at  100°C 
for  2.5  hours  and  washed  three  times  with  PBS.  Although  this  treatment 
does  not  destroy  the  heat-stable  0  antigen,  it  eliminates  the  heat- 
labile  H  antigen  and  releases  Vi  into  solution  where  it  can  be  washed 
away.  Single  sera  of  the  children  with  measurable  anti-0  were  absorbed 
with  these  new  preparations  of  somatic  antigen.  Only  0  agglutinins  were 
removed  by  the  heated  organisms  and  as  shown  in  Table  47,  both  strains 
removed  10  mg  of  IgM/100  ml  from  the  day  7  bleeding  of  PR  and  15  to  19 
mg/100  ml  from  the  day  10  serum  of  WS,  These  values  are  similar  to  the 
12  and  13  mg  removed  respectively  by  the  unheated  0  strain  and  suggest 
the  latter  organism  removed  only  IgM  specific  for  the  heat-stable  0 
antigen. 


Table  47  IgM  Remaining  in  Sera  after  Absorption  with 
Heated  typhosa  0901  and  Vaccine 


mg  IgM/100  ml  Serum  Remaining 

After  Absorption  with  Indicated  Antigens 

Sublect 

Day 

None 

(Saline) 

0 

(Boiled  0901) 

0 

(Boiled  Vaccine) 

PR 

0 

38 

39 

38 

7 

88 

78 

78 

WS 

0 

99 

97 

99 

10 

159 

140 

144 

Sera  were  absorbed  with  equal  volumes  of  2.5  x  lO^/ml  of 
both  organisms. 


6.  IgM  Removed  by  Polymerized  Flagellin:  Since  H  titers  were 
at  least  1:10,000  at  the  height  of  the  IgM  response  while  the  greatest 
Vi  titer  was  only  1:80,  it  seemed  likely  that  most  of  the  anti-typhoid 
was  anti-H.  We  therefore  measured  the  IgM  absorbed  from  sera  by  purified 
H  antigen  in  the  form  of  polymerized  flagellin. 

The  general  method  of  absorption  was  similar  in  principle  to  that 
used  for  whole  bacteria.  Absorption  was  carried  out  with  1.5  mg  flagellin/ml 
to  avoid  non-specific  removal  of  IgM  encountered  when  more  than  5  mg/ml 
of  flagellin  was  used.  Sera  taken  near  the  time  when  antibody  levels 
were  maximal  were  also  absorbed  with  3  mg/ml  to  see  if  additional  IgM 
could  be  removed. 

Figure  35  compares  total  IgM  levels  (absorbed  only  with  saline)  with 
the  IgM  left  after  absorption  with  flagellin  for  all  bleedings.  In  every 
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child  the  two  curves  originate  at  a  common  point  indicating  IgM  was 
not  removed  from  day  0  sera.  They  then  diverge  showing  relatively 
large  amounts  were  absorbed  at  the  peak  of  the  response  and  finally 
begin  to  converge  again  by  day  28.  The  area  between  the  curves  pre¬ 
sumably  represents  specific  antibody,  and  its  rapid  increase  and  de¬ 
cline  are  consistent  with  the  view  of  the  IgM  response  gained  by  titra¬ 
tion  data. 

The  quantities  of  specific  antibody  removed  near  the  height  of  the 
response  by  3  mg  flagellin/ml  serum  are  summarized  in  Table  48.  Flagellin 
at  this  concentration  usually  absorbed  more  IgM  than  it  had  at  1.5  mg/ml, 
although  again  IgM  was  not  taken  from  pre- immunization  sera.  Measured  in 
this  way,  the  children  produced  22  to  76  mg  of  IgM  antibody/ 100  ml  serum 
within  two  weeks  of  immunization.  With  the  exception  of  MM,  anti- typhoid 
accounted  for  20  to  507.  of  their  total  IgM  levels  and  at  least  767.  of 
the  increase  in  IgM-globullns  induced  by  vaccine.  The  response  of  MM 
differed  from  that  of  the  other  children,  since  both  flagellin  and  whole 
bacteria  (vaccine)  removed  less  of  his  post- immunization  of  IgM  than 
either  removed  from  any  of  the  others. 

7.  Specificity  of  IgM  Removed  by  Flagellin:  Agglutinins  titered 
before  and  after  absorption  indicated  flagellin  absorbed  anti-H  more 
effectively  than  any  of  the  whole  bacteria.  H  titers  were  reduced  16- 

to  64-fold  by  flagellin  as  compared  with  only  a  2-  to  8-fold  drop  follow¬ 
ing  treatment  with  OfH  or  CH-HfVi  organisms.  As  expected,  Vi  agglutinins 
were  not  changed  by  flagellin  so  there  was  no  indication  that  IgM  of  this 
specificity  was  removed.  But  since  0  titers  were  reduced  2-  to  8- fold, 
absorption  with  flagellin  did  not  distinguish  between  IgM  anti-0  and 
anti-H.  To  be  certain  IgM  anti-0  represented  a  minor  component  in  all 
eight  children,  the  sera  listed  in  Table  48  were  absorbed  with  the  0 
bacterial  antigen.  As  shown  in  Table  48,  the  same  two  Individuals  pre¬ 
viously  found  to  have  measurable  anti-0  (Table  45)  were  the  only  children 
who  lost  definite  quantities  of  IgM  to  boiled  S.  typhosa  0901,  Therefore, 
the  majority  of  IgM  antibody  elicited  by  typhoid  vaccine  appears  to  be 
specific  for  the  H  antigen. 

8.  Failure  of  a  Flagellin  -  Anti-Flagellin  Complex  to  Trap 
Normal  Human  IgM:  Equal  volumes  of  normal  human  sera  and  the  ten- day 
rabbit  anti-S.  typhosa  serum  were  mixed  with  polymerized  flagellin  so 
that  the  human  sera  were  exposed  to  3  mg  flagellin  per  ml  and  diluted 
1:10.  After  the  usual  incubation  and  centrifugation  at  60,000  G,  quanti¬ 
tative  precipitins  indicated  all  human  IgM  remained  in  the  supernatant 
fluids.  Normal  IgM  was  not  trapped  by  polymerized  flagellin  combined 
with  its  specific  antibody. 

C.  Discussion: 

Children  immunized  with  js.  typhosa  vaccine  have  elevations  in 
total  serum  IgM-globulins  averaging  607.  above  baseline  within  ten  days. 
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Table  48  IgM  Absorbed  by  Flagellin  From  Sera  Taken  Near  the 
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cent  prop«f  (  I-*  «(  Me  (o-tel  4*44*1*  ( tom-o-.i*  4  .(%>*.:  *  •*-  *  ;  4-44  *•  («  ft*  4  *1.4411 
At  leeit  i  (•'  to  *14  u|  I*,*  **i  l  ■  ( tt  »*•  1 1  !-•  4  :(M  «:  *.*4-e*  **•-♦  *-**•  *4-444  * 
for  neeetircefcnhi  4|*i*>*<  iu  1^*444  »>*4«it  •(  *.- 4 -****-  10#  5*4  4i  41(4  .**• 

IgA  end  l«C  tc-rct*  *»*  < (-4*  if*  :*••*:»  *-.  t-me  m-4«  »44(h.ih 

Mould  be  rc*}vlrc--l  (<r 4  4  *(nl*44  <“*-*•<  U  *4  i  -1  .1  did*  e**  UhiKm 

1  The  (c<hAl4i*«  *-*-•#,  (-»i**444 .  »*♦  ••*  4  J>«  (4*4(4  t-4»nM  4if*4  -n-14  .41**4 

quenr  t(e(  Ive  «*th-")4,  It  444**1(4  -i*-:/  -h  4(.*  w-e*  (4-4(1  *ift**4-«**4 «4  (*< (  • 
of  entfbody  •  (h*  4*1  lit;  (°  1  °mi(I*4  *(((  «4((fi4,  *(* ((•**  (4  44. >* 

neceMery ,  i»»r  ere  (ft*  **41*1*4  4(444  •(  vm***-<  (( ♦< i**  444 : *4  teu*  4  tii 
alght  elute  eni  «t  t-*e  ee|4Mr.  (J*«.  «*d  ((«••*>  •#  4  44-44:4  •  1  *4-4 

cen  be  quen(tfi*d  el  ( h«*(  M  l'(  ****«♦(  (••*  *<«&•♦  (tft4tl(.  (in  1*04: 
response  to  |nfc((|imi4  4f  (*(  4  eld-  nt«-l4lfi*  4*41414  m-4  (fiXte  (4 

aeesureble. 

The  eesey  of  tgjt  4*(l-o  **i  m>i*  #-•((*((  (*•*  i(-«e  d*e<  <*4  *M(  t 
or  end*  VI  be< **•»*  eVf-of y 4  lo*.  eld  5,  (^|*o-4  4  5'S: :  ««*•*- ■:(•>#  if  *-*«eg:t4t 

end  exclusive  1  «>n*-r •  l  ®f  eu tin-h  sired*-#  (.  <1(4  4-we( (•  44*4 if-*-*  • 

So  trested  lo#(  *44*4*1 1  e  1 1 4  »t:  o  *44 :  *4  t*  (-4-4  «ft  l  :•  *  #♦*-(  t(  4(4*44  4* 
Mined  unchanged.  f  <*|  (1*1  .  *(4«4  4  ft*  ?'U !  41*1/  1-411*  (ft*  4(44(4-4  (-#<1  It*  4*1 

held  et  1 00**1  fur  ’,*»  (m*-( 4  mi  **4(4-1.  44*7  %-<d  4  •**. -•-»-#  #ui>4  *4:441  * :» 
the  sene  ent-wni  4  -(  igjt  *4  -*eftn>(  let  0*14}:  :(-*■•*  (14*4  i-*4(  <  -m  t  4*44*4*0  « 

end  elutes  Vi  i-i  ft*  ***k«-(  ***) .  *t:  *|  41*  ifit  *-(4.i(W  (>>  *4444*-*  4  41 1  :'v 
eppeers  specific  (-r  th*  ft**  4  -etdic  o  4--m-*<(.  Miifu*,  (1*4  4ftt#  4*4.4 

ec counted  for  e  aIm  f-<r«  1  ( <>*.  - !  4**  4.4*:  4*4-41  ifji-u 
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2W  <»t  <K«c  #nt  |  •  not  directed  to  the  0  antigen 

*».♦  Um  **««♦»*.,  Ui  t k*  {*{•  suggest  practically  all  of  it  was  anti-11 
t*.**  uMl'ti,  sbvu-rpt  u*  of  s«ra  with  purified  II  antigen  as 
r..;pw«iM*«<4  fl««elll*  temtoved  even  more  lgM<globul Ins  and  more  H 
«Mi u mu-s  «o)  °f  f tc«  bacterial  absorbents;  however,  purified 

Ca^aMi*  femt.^a  a»'i*  than  Just  ant  MM.  Although  VI  agglutinins  were 
44. a  »rr«Ht«4a.  *<*#«  o  mUtuiAt  were  absorbed  along  with  II  antibody. 

**\» »a«t*.< tf ,  email  4W4o<40K(s  of  t b«  somatic  antigen  had  been  carried  with 
it* ts«;tt4  *+*  «*•*  ii«  purification  procedure.  The  absorption  of  anti-0 
♦  Mb  ib*  «*<{>«  ♦*«  of  tut  I*  consequence  In  these  neasurements  since 
4*i*  ..*<>«*.< tat  i°*.s  »l  till  absorbed  by  0  were  low  or  not  measurable.  It 
iuhI-u  wr«*i»  imi  practically  alt  of  the  anti-typhoid  at  the  height 
.f  <».«  t4.1t  «*ap»a.se  is  specific  for  the  H  determinant  on  flagellin. 

t4.1t  miM)  Kas  »cT«r»l  properties  that  suggest  this  class  of 
t«MMM«4.i4!.A>*ii*  is  soiled  for  combat  in*  bacterial  infections  In  the 
♦>s«<n»4«  iin.Ui i«*.  first,  IgM  Is  essentially  limited  to  blood;  only 
«v.>4-4  is*  .r  fatal  Vo~t,  IgM  |»  in  estravascular  tissues.  Second,  IgM 
i<«a  •<•«>  f.<«M  **i  1  >  v*c  ler  lal  properties.  IgH  antl-S.  typhlmurium  0 
t4.MM.4ea  .p  s..<s  1  .at  |  <m  and  bactericidal  effects  100  to  1000  times  as 
♦*ei;  a*  11s  is*  (..aurperi.  Also  horse  IgH  ant  1- pneumococcal  poly- 
ssttiaiUe  e*.s  ahoem  la  protect  nice  from  the  corresponding  organism  as 
♦»:;  «.«  ms-  *u  100,000  t  Inns  ar  nuch  IgA  and  IgC  antibodies  of  the 
seMMe  ♦*««  if  1* itr .  JMtd,  systemic  bacterial  Infections  are  life  threat¬ 
en  *•-  *..  «*>)  pr-of active  nnchanlsn  would  have  to  be  brought  into  play 
l.  W  of  value.  fbe  *gM  response  compiles  with  this;  macro- 
4 1 1*.*  4«ur»lh  have  the  first  and  dominant  antibody  activities 
*.*t*44  «ar  It  period  following  eaposure  to  new  antigens.  The  present 
stv* *t  #•**♦  pet  another  property  that  would  be  of  obvious  advantage  to 
t*«  l«.ts t  elf b  •  seflc-ws  infection.  IgM  antibody  la  not  only  made  rapidly 
Vwl  el*.  is  t>ll«  large  mourns.  Within  7  to  14  days,  these  children 
pa.iPMted  It  fa  7b  mg  of  specific  IgM  per  100  ml  of  serum.  By  assuming 
s  p !«**•*  va.one  o f  H,  one  can  calculate  that  a  25  kg  child  is  capable 
.9  pr.tSvelmg  1  to  I  gram  of  IgM  antibody  within  this  period.  In  all 
P4  .*.*vi  tit t ,  »4owret .  most  of  th«  IgM  Induced  by  vaccine  In  these  ex- 
p-erinmsfs  Is  »f  little  value  in  prophylaxis.  Of  the  specificities  in- 
f>«we4«  Vt  s,  ant  | bodies  directed  to  0  and  Vi  are  generally  con- 

m»«t  impart <N»f  wMle  antl-H.  predominating  in  these  children, 
*«wM  fa  %4#ve  little  value.  It  would  be  interesting  to  compare  con- 
t«MI*l ims  at  IgM  elicited  by  the  three  typhoid  antigens  following  in- 
(04.1  |.m  fervsps  is  thi»  situation,  greater  quantities  would  be  specific 
(.4  »«  mare  |«parf««t  o  and  Vl  antigens. 

U  to  a  |.g |«  s  1  ;<»H«S  of  Western  and  Eastern  Equine  Encephalitis  in 


*at«f  Ms  «t  eastern  equine  encephalitis  have  occurred  at  three  to 
five  reet  intervals  In  (eaten*  Maryland,  Delaware,  and  New  Jersey  over 


the  past  few  decades.  One  such  episode  occurred  on  the  Chesapeake 
Bay's  Eastern  Shore  in  1956;  another  in  1960.  After  the  1960  outbreak, 
ecological  investigations  were  undertaken  by  WRAIR  on  the  Eastern  Shore 
to  study  this  phenomenon,  and  eastern  equine  encephalitis  (EEE)  and 
western  equine  encephalitis  (WEE)  viruses  were  isolated  in  1964  from 
mosquitoes  collected  in  the  Pocomoke  River  Swamp,  located  a  few  miles 
south  of  Pocomoke  City,  Maryland.  In  1965,  a  third  epizootic  of  EEE 
occurred  at  a  time  when  WRAIR  was  continuing  ecological  studies  in  the 
swamp.  Studies  have  continued  to  the  present  time,  and  in  1968,  data 
were  collected  in  the  course  of  a  fourth  epizootic  of  EEE  on  the  Eastern 
Shore.  Thus,  for  the  first  time,  the  cycle  from  one  epizootic  to  a 
second  epizootic  has  been  documented  with  data  collected  over  many  years 
in  the  same  study  area  using  essentially  the  same  methods.  Following  is 
a  description  of  the  1968  swamp  study  and  the  1968  epizootic.  Trends  in 
the  ecology  of  the  principal  viruses  from  the  1965  to  the  1968  epi¬ 
zootics  are  discussed. 


A.  Study  Approach: 


Ecological  studies  completed  prior  to  1968  satisfactorily  demon¬ 
strated  that  WEE  and  EEE  viruses  were  maintained  each  year  within  the 
Pocomoke  River  Swamp,  at  least  from  June  through  October,  via  mosquito- 
bird-mosquito  cycles.  It  was  shown  that  wild  birds  function  as  reservoir 
hosts,  and  that  the  principal  and  possibly  only  ecologically  significant 
vector  is  the  mosquito  Culiseta  melanura.  In  Maryland,  this  mosquito 
occurs  predominantly  in  river  swamps.  In  the  Pocomoke  Swamp,  C.  melanura 
larvae  apparently  live  in  subterranean  cavities  within  the  swamp  floor. 
Such  cavities  can  result  when  a  tree  falls  and  roots  are  displaced. 

Adult  mosquitoes  disperse  to  some  distance  outside  of  the  swamp,  but 
their  greatest  densities  are  maintained  within  it.  Data  collected  in 
1967  indicated  that  mosquito  densities  were  greater  in  some  parts  of  the 
swamp  than  in  others.  Since  vector  densities  could  conceivably  correlate 
with  the  amount  of  virus  transmission,  the  1967  data  suggested  that  some 
areas  of  the  swamp  might  be  more  favorable  than  others  for  maintenance  of 
viruses.  The  1968  study  was  designed  to  evaluate  this  hypothesis. 


Most  of  the  1968  effort  was  directed  towards  a  more  complete  des¬ 
cription  of  the  swamp  ecosystem  than  what  had  been  achieved  in  past 
years.  Much  of  the  emphasis  in  previous  years  had  been  on  upland  sites 
or  on  the  edge  of  the  swamp.  However,  in  1968  over  75%  of  the  data 
collected  came  from  within  the  swamp.  Only  a  single  upland  site  was 
included  in  the  1968  study,  and  it  was  very  close  (20-60  ft)  to  the  swamp. 
The  upland  site,  named  18J,  was  used  to  obtain  some  comparative  data  be¬ 
tween  swamp  and  upland.  Work  within  the  swamp  was  done  along  a  line  ex¬ 
tending  from  the  Pocomoke  River  to  2,640  ft.  into  the  swamp.  Three  sites 
on  the  line,  called  the  "Q-line",  were  singled  out  for  special  emphasis. 
The  sites  had  been  studied  in  1966  and  1967,  when  they  were  called  40Q, 

20Q  and  IQ.  The  40Q  site  was  50-100  ft.  into  the  swamp  from  the  Pocomoke 
River.  The  20Q  site  was  another  1,320  ft.  into  the  swamp,  and  IQ  was  an 
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equal  distance  from  20Q  (2,640  ft.  from  40Q).  The  upland  site  (18J) 
was  perpendicular  to  the  line  connecting  the  other  sites  and  was  lo¬ 
cated  approximately  460  ft.  from  20Q. 


Pocomoke 

River  1,320  ft. 

*  40Q . 


1,320  ft. 

■20Q . IQ 


460 


ft. 


18J 


The  three  swamp  sites  and  the  upland  site  were  compared  to  determine 
if  virus  activity  in  some  locations  was  greater  than  that  in  others. 
Antibody  appearance  rates  in  sentinel  animal  populations  and  virus  in¬ 
fection  rates  in  mosquito  vector  populations  were  used  as  indicators  of 
virus  activity. 

B.  Methods : 

1.  Sentinel  Studies:  Work  completed  in  1966  through  1967 
showed  that  Bobwhite  Quail  (Colinus  virgin! anus)  were  good  sentinel 
animals.  They  survived  in  the  swamp  environment,  were  infected  with 
EEE  and  WEE  viruses,  and  produced  detectable  neutralizing  antibody  after 
infection.  Thus,  quail  were  used  again  in  1968.  Four  to  six  week  old 
birds  were  purchased  from  a  farm  in  Savannah,  Georgia,  Upon  arrival,  the 
quail  were  maintained  indoors  under  close  surveillance  until  2-2^  months 
of  age.  Prior  to  using  birds  as  sentinels,  blood  samples  were  taken  to 
make  certain  that  WEE  or  EEE  neutralizing  antibodies  were  not  present. 
When  birds  were  moved  to  the  swamp,  two  cages  of  ten  birds  each  were  es¬ 
tablished  at  sites  18J,  40Q,  20Q  and  IQ.  The  sentinel  quail  studies 
started  on  15  March  1968.  Replacement  birds  were  added  to  cages  to  com¬ 
pensate  for  mortality.  Alternate  cages  of  quail  were  bled  on  consecutive 
weeks  such  that  each  bird  was  sampled  at  approximately  14  day  intervals. 
Blood  samples  were  taken  by  jugular  venipuncture  with  syringes  wetted 
with  a  dilute  heparin  solution. 

Plasma  samples  were  used  in  neutralization  tests  for  detecting  WEE 
and  EEE  antibodies.  The  procedure  used  was  similar  to  that  described  in 
the  1967  Annual  Report.  In  brief,  sera  were  diluted  1:5  and  challenged 
with  10-100  TCID50  of  infectious  virus  propagated  in  cell  culture. 

Viruses  used  were  WEE  m-3249/65  and  EEF  m-2449/64;  both  strains  were 
Initially  obtained  as  mosquito  isolates  from  the  Pocomoke  River  Swamp 
and  identified  as  either  EEE  or  WEE  virus  by  comparison  with  prototype 
strains.  WEE  m-3249/65  had  been  passed  twice  in  hamster  kidney  c  .11 
culture;  EEE  m-2449/64  had  been  passed  twice  in  mice  and  once  in  hamster 
kidney  cell  culture.  After  incubation  at  37°C  for  30  minutes,  the 
challenged  sera  were  Inoculated  onto  confluent  monolayers  of  primary 
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hamster  kidney  cells.  Culture  tubes  were  examined  periodically  for 
cytopathic  effect  and  compared  to  control  tubes.  If  cytopathic  effect 
did  not  occur,  a  serum  was  considered  to  contain  antibody  to  the  chal¬ 
lenge  virus.  If  equivocal  results  were  obtained,  the  sample  was  re¬ 
tested. 


2.  Mosquito  Population  Studies:  As  in  past  years,  mosquitoes 
were  captured  by  CDC  miniature  light  traps.  Two  traps  were  operated  side 
by  side  at  IQ,  20Q,  40Q  and  18J.  Double  traps  were  employed  to  reduce 
the  risk  of  losing  a  site  sample  on  any  given  night  due  to  light  trap 
failure,  a  malady  for  which  the  traps  are  well  known.  Early  in  the  study, 
traps  were  operated  one  night  a  week.  After  1  July,  mosquitoes  were 
collected  on  two  consecutive  nights  each  week.  Mosquitoes  were  killed 
at  -65°C  and  sorted  on  ice.  Pools  of  one  to  25  mosquitoes  were  pre¬ 
pared  according  to  species,  sex,  location  and  date  of  capture  and  stored 
at  -65°C  until  virus  isolation  attempts  were  made.  Pools  were  ground 
in  Ten  Broeck  grinders  to  which  1.5  cc  of  diluent  had  been  added.  The 
diluent  consisted  of  Eagle's  basal  medium  containing  20%  heat  inactivated 
fetal  bovine  serum,  bicarbonate  and  antibiotics.  The  ground  suspensions 
were  centrifuged  for  15  minutes  at  3000  rpm  to  remove  particulate  debris, 
and  0. 1  ml  of  the  supernatant  was  inoculated  into  two  or  three  primary 
hamster  kidney  cell  culture  tubes,  which  subsequently  were  examined  for 
cytopathic  effect  over  a  period  of  five  days.  If  an  isolate  was  re¬ 
covered  from  a  mosquito  pool,  it  was  passed  in  cell  culture  and  identified 
using  WEE  and  EEE  antisera  prepared  in  domestic  rabbits.  Reisolation  was 
attempted  from  the  original  mosquito  pool,  and  if  accomplished,  the  re¬ 
isolated  agent  was  identified  by  neutralization  test  with  the  appropriate 
antiserum.  Where  reisolation  could  not  be  achieved,  the  identity  of  the 
initial  isolate  was  confirmed  in  a  second  neutralization  test  with  the 
appropriate  antiserum.  All  isolation  work  was  performed  in  a  room 
quarantined  against  materials  known  to  contain  group  A  arboviruses. 

Mosquito  larval  populations  were  studied  at  40Q,  20Q,  IQ  and  at 
several  additional  sites  on  the  "Q-line".  Sites,  10Q  and  15Q  were 
located  between  IQ  and  20Q;  sites  25Q  and  30Q  were  located  between  20Q 
and  40Q.  One  other  site,  10L,  located  near  10Q  was  studied.  Three 
holes  were  dug  at  each  of  these  sites  on  5  March  1968.  The  holes  were 
roughly  square,  with  2-2^  ft.  on  a  side.  Earlier  (2  Nov  67)  a  smaller 
(approx  1  ft  sq)  hole  was  dug  at  each  location.  The  smaller  holes  were 
sealed  closed  with  3/4"x2'x2'  plywood  boards  and  covered  with  leaf  litter. 
The  three  open  holes  at  each  site  were  sampled  regularly  by  dipping  for 
larvae.  The  holes  sealed  with  boards  were  opened  and  samples  only  three 
times  during  1968. 

Larvae  were  collected  from  two  other  haoitats.  Several  old  holes, 
which  were  dug  early  in  1967,  were  sampled.  These  were  essentially 
round  and  averaged  15"  in  diameter.  Three  arge  standing  pools  of  water 
were  sampled  which  measured  6'xl8',  14'x43',  and  9'x25'. 
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*****  1  -  M  *  £  ty.  t  i  Hll  W  Miff  t<4  1»»'4  *  *  UlK***  *  4»t  •  • 

4«(ef*l  *m  Uv*i  *»•*  '  +  l+i  t»H*+  -  *h  — ♦  *  .u  *#i  w* 

to  •  ((*•  *•  11*4  1*.  *■♦  t******  a>4.>»>**4**  » “  (* 

t^iar«,  «•(«  4^  A.4.A1  Jt*4  K.  .**♦  4*4*1  *  4l1*.>*#1  J  i*  n« ’*•*■*  M««*  *4  4  s*-4*4 

Ituld  “A”  4*4*1  tptfl*  4**11  *  4*... .It***  It. *4  4*1  — *•  (.***  t  4~»*  ..*(*  .**(1 

At  (h«  !>•*•  51t«*4  „  •«+  4*4  A  *  *  -  -  «*...  *4.4  *•  *  tii  i(.  14<4  (••  >4*4 

"I"  «tt4  "(T  |WM)A>||  . .  i  •»♦•*  ti.  -  *4  ♦****«  *■*♦**  4*( 

by  UM*V  IU  ««M  -t.tMtflwl  >4  <*4’4  I4.t»  4>44*>1  »«•*•»  *****  »..  ■  i  4*.  -*  -4*1  4“ 

<llt>t>«4  tin*  „  l4f  4  t»  4  1  t  •tl4»4vl  *W  ->1  JI4  ti»A*  4  ||>.|||I>U  flUlil  .  *44- 

pAflAu*  of  |»|V4i  yi.^.*-*  4*  S  .(*  1.  *>».«  .  (*t****4t*  ^4  .**.*(*  4>4*i4<**4  '  .M*  4)t  4*4  4*4*1  -44 

•IC«A. 

C<||«*(«*4  :  *4  4  4.4  4*4  4  4  |444>*4  *n)  1-4  t*J|*4'4  44lil*  |5/  Hi'1  4l.**l«*S  ASS 

I44VM  «•!  •  4MS«>A*4«*4.  4*4*4  t4i4titAH*-«  >*•*•*»  •*•(**  - «  J*  44  i4.M 

of  H«*4  to  ^i*4(«4  U4  *1  M«  4^  fit.**  tiM<4  **4  4*  ~#<4**»  -  1 -4*1  4.  ^{14 . 4. 44 ,  6*1*4 

talMlk«|  of  4f  «<*  S*WI4»  tl  *<**1  *li<4;>  i  44  4*4<4  .  *4>  tSf«l  ! . »  4*4*4  »iU||S4  AH44 

«h4 

ChMSi**!  «S4if  4H4  A**i4  •  *14  4  4. 4*44(4  .44  «**•  *4  ..;-*..  >4*1  44»M>  -f***'*' 

la*  1 44  «(  |Q„  {Wi  444*4  fcMi  4(4  *  44  ***44*  -4-4  «4»44  ...  -*<•»**(  <44*4  StisS 

!*»(()••  4*4(1  #•  I  4  (4  4*  *1  4tf  *H  4  s  -  41*4  4a*  *  4  4  .14*4*4*-  4'*  -1  /  ....-*  4*4  4  >4*4  1  .  .1*41.4 

4S4 1 }  44  4  4«4t  4.. *4*  fi<4U  Vi  1*«t*4  4  >4  4-4444*  -**4  *  ♦  «*.(*  .«*mi  i»  tuuc.  4 

(Milllf*  A|m4  JM.t :  »  4,44  .  ♦.**»  t  .44  4*4.4  **4*4.4  4.4  »  4*4 » 4  ‘flit  M4»4-4|MH4«.  4*4.4 

Vf  44  4 1  l  Vf  ♦!  «>.'  1‘/  <1.4  ***4**.*.t  4*.  4  **4  •»*  i ‘la.-— -  .  »  ~*  .»>.*  jd  ....*.41**4  4-4  4*tl44  «t4*.*4.i 

£fA44flb«>l  Mil  *.*#) jit**!  4>1  11*4  «M4*4.*J  44*  *  *44*4*4  4*4'.  4*4  *******  5.44  444*4-4  44l*«4«4 

*AA4«f  4*4  I  4  ”*  1  !W*l**l!V  4la  i*l  aA.4*-**.***  *>44f>4(l  *c.1  *  tl»*.  t**.*U  1**44414;  4*4(1. *4* 

(4*1  1*4. 

).  W3  »**{«  444*4  *>»*4  <4»*  *|..4I4  -It*  liDiHt  *«4HI.  .1  *  si  *«4  II44M44 

fUtt,  («*y«liS4(i  »io  <i*4  ;s*.4»  .1  4*4*4  *  -  #**<4  .  a*  a.*.*.*  .1.4  l«*  *4  4rf*  4|4i(a.*4 
IVlItsliMt  *t  W*4  *{*.**(  li.rf  .44  *1n  -Hilt  4*4 -4>...(a ->  f  *<t«tMi«ti  .4  4.4(4  *4* 

44*1  I  |4»**  Alf1***  s  ***4(*.»  ..;;•*.  4  4.1  U.M  1-14.4  f***4  1*.»i  4*4*4  4v>  4*44*44  « (4*4  4  il —4*4*1  ■*  4*1.4 

4f  f  4  44*1  (4  iA.*  9 1  4.4  :*4t.44.  .*4>  4.41  4 -4  »<*  -  4*.  -  *•*  -  .*4*4  4»*(i  4  4*4  4  4^4 1 4*4 

I ffl*  l|4H«  4ll«.‘  l *>«!.♦ .  4*4.4  4.4  4.4  4444  4  444*4*4  -*  !<****». 1*1  .1*14*44.  *  *44*  -Sd-liiS.** 
till  4*.  I  4*^4  *  4!  11*4  t  •*  4  I* «  4  1  .it  **♦.*  i1*.(H,»  I44M  t(.  >*  1  .*4  ■‘Hit  4*4  .*.4*41  »<i«  444*4*4 

144  *!  |44U  f  •  1  1  >*4*(l  41*»  4*i«t  4  *4)*  s  «**  4 i  *****  14  *.**»  z.*,*i*  *44*4. **4=  1-4|4*.|»1 

(l^44'4f),  !*1(A  4.11*14  491441  l.H  *  4*4  *1  .*.  4(4l.«4  *  ltd*  f3l  tftA/  1**(«*4  ^4*.*  *  -1*4*4 

fW  (*••<  f..44*a4l  +  )  1*  4  4*’4M4  *1  4*4(44*14*4  .  .M*.  .  14  -  .  i  .*4  *««ll  *1444.*-*/  .4 

*1  14  WM4,  «44  41*4(4(1  4(11(4  11*4  4*4(44 «»  14  SKIl  ft.  4*4*4  /f-4  *4  4«(|(|l4 

f|«M  4MA  *4l*«*  (A  ((*»  4*4(MM  4^*(  *4  lit**  4*>.i44*«Mrt  *|4  4*4«i  14  4(.4i  ^144444  *  **4i  «1*1 

l  W  M  1*1  4M4 .  !WA4  AM  A  4*19  1(4  *44*4*1  A.  A414  4rf-»t-4*4  -1  4*4.4*.  -  4* 

((AM  A*'MAl4(«d  44(411  <)(44  .1  4*44*4(4  4<i  1  .*4  4  -4*.  4*4(4**  14*4  *44^-4-*—  -y  -“t 

•  III  W  44MM  M(f  4(4  A  4<iA4t1ll  -ll  -  M4(44«  >4  *44  *1*4  »  il  *44  4**  1  >  *  ^  4  4  14  444.  X  »l 

MlWAl,  MM  4A*(  «4S4*a4  Al  s.*i  A4*(a  1*4*444  H(1  1*4*i*4  **4.4 -14*4(1  »*41  A*  I  J44d  A#  1*4 
IWlltflM  |*  11(4  (4A»4< 


C.  Results  and  Discussion: 


1.  The  1968  EEE  Epizootic  at  Willard's,  Maryland:  In  Maryland, 
birds  began  dying  on  or  about  16  July  at  the  Ronald  Davis  Farm  (11,500 
pheasants  and  2,500  partridge),  Willards.  Deaths  increased  steadily 
between  16-26  July  to  approximately  200  pheasants  per  day  and  10  par¬ 
tridge  per  day.  On  26  July,  the  flock  morbidity  exceeded  10%  for 
pheasants  and  5%  for  partridge;  brain  and  blood  samples  were  collected 
from  moribund  birds.  EEE  virus  was  isolated  from  pheasant  brains. 
Pheasant  sera  (13/13)  were  positive  for  EEE-HI  antibody.  Of  12  sera 
tested  for  neutralizing  antibody  (EEE-NT),  seven  were  positive,  one  was 
equivocal,  and  four  were  negative. 

Illness  in  equines  was  first  reported  on  19  July.  A  pony  at 
Whaleysville,  Md.,  was  sick  on  18  July  and  died  the  following  day. 

Three  ponies  at  Willards  became  sick  on  24  July;  two  died  and  one  re¬ 
covered.  The  three  ponies  that  died  were  EEE-HI  equivocal  and  EEE-NT 
positive.  The  pony  that  recovered  was  EEE-HI  positive,  as  well  as  EEE-NT 
positive,  seven  days  after  onset  of  disease.  Other  equine  deaths  oc¬ 
curred  in  the  Willards  vicinity,  but  specimens  were  not  obtained  from 
them. 


The  Communicable  Disease  Center  (CDC) ,  Atlanta,  Georgia,  sent  a 
team  to  the  Willards  area  to  collect  mosquitoes.  A  large  number  of  EEE 
virus  isolations  were  made  by  CDC  from  Culiseta  melanura  collected  be¬ 
tween  31  July  and  6  August.  However,  no  WEE  isolations  were  made  from 
that  species.  Three  WEE  isoli  cions  were  obtained  by  CDC  from  other 
mosquito  species.  Considering  these  findings,  WEE  probably  did  not  play 
a  significant  role  in  the  Willards  epizootic. 

The  last  confirmed  equine  case  of  EEE  in  the  epizootic  occurred  on 
12  August  at  Berlin,  Maryland,  a  town  approximately  eight  miles  south¬ 
east  of  Willards.  EEE  virus  was  isolated  from  the  brain  of  this  equine 
at  WRAIR. 

Overall,  the  Willards  epizootic  lasted  from  mid-July  to  mid-August. 
No  human  cases  of  EEE  were  reported  in  the  area;  potentially  dangerous 
locations  were  subjected  to  mosquito  abatement  by  State  authorities. 
However,  the  Willards  epizootic  was  only  one  of  several  outbreaks  of 
EEE  which  occurred  in  the  summer  of  1968.  In  Delaware,  1,500  pheasants 
died  between  mid- July  and  September;  EEE  virus  was  confirmed  in  two  of 
four  suspect  flocks.  Twenty  suspect  equine  cases  occurred  in  Delaware 
in  the  same  period.  An  epizootic  in  New  Jersey  resulted  in  nine  cases 
of  human  encephalitis  between  mid- July  and  mid- September  (Morbidity  & 
Mortality  Weekly  Report  17:371.,  5  Oct  68),  and  115  suspect  EEE  equine 
deaths  were  reported.  Virus  evidently  continued  to  circulate  in  the 
environment  in  New  Jersey  after  mid- September ,  since  two  additional  human 
cases  occurred  between  mid- September  and  early  October. 


2.  Virus  Activity  In  the  Pocomoke  River  Swamp  In  1968:  EEE 
virus  was  first  isolated  in  the  swamp  from  a  pool  of  C.  melanura  collected 
on  6  August  (Table  49).  Virus  transmission,  however,  must  have  started 


Table  49  Virus  Isolations  Made  from  Pools  of  Female 
Culiseta  melanura  Collected  in  1968 


Identification 

Number  in 

Virus 

Site 

Date 

No. 

pool 

Isolated 

Reisolation 

IQ 

6  Aug 

m-300 

25 

WEE 

yes 

13  Aug 

m-321 

21 

WEE 

no 

19  Aug 

m-348 

25 

EEE 

yes 

26  Aug 

o-384 

25 

EEE 

yes 

m-386 

25 

EEE 

no 

28  Aug 

m-415 

25 

EEE 

yes 

2  Sep 

m-469 

25 

EEE 

yes 

m-471 

25 

EEE 

yes 

9  Sep 

m-523 

25 

EEE 

yes 

m-527 

25 

EEE 

yes 

8  Oct 

m-642 

25 

EEE 

yes 

23  Oct 

m-697 

25 

WEE 

yes 

20Q 

29  Jul 

o-279 

25 

WEE 

yes 

6  Aug 

o-308 

25 

EEE 

yes 

13  Aug 

o-336 

25 

EEE 

yes 

o-338 

25 

EEE 

yes 

o-340 

25 

WEE 

yes 

19  Aug 

o-357 

25 

WEE 

yes 

28  Aug 

o-411 

25 

WEE 

no 

2  Sep 

m-426 

25 

EEE 

yes 

m-427 

25 

EEE 

yes 

o-444 

25 

EEE 

yes 

o-453 

25 

WEE 

yes 

1  Oct 

o-624 

25 

EEE 

yes 

8  Oct 

m-635 

25 

EEE 

yes 

40Q 

19  Aug 

m-377 

25 

EEE 

yes 

9  Sep 

m-530 

25 

WEE 

yes 

18J 

29  Jul 

m-283 

16 

WEE 

yes 

14  Oct 

o-649 

21 

WEE 

yes 

prior  to  that  time,  since  two  sentinel  quail  at  IQ  were  found  to  have 
EEE- NT  antibody  in  blood  taken  on  6  August,  and  work  by  this  laboratory 
has  shown  that  quail  do  not  develop  neutraliting  antibody  until  at  least 
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seven  days  post- infection  with  virus.  The  average  rate  of  infection  in 
the  C,  melanura  population  from  26  August  to  23  October  was  at  least  one 
Infected  for  each  852  individuals  tested  (1:852),  and  the  peak  of  EEE 
infection  in  C.  melanura  occurred  from  26  August  to  3  September.  The 
last  EEE  virus  isolation  came  from  mosquitoes  collected  on  8  October. 
However,  very  few  mosquitoes  were  collected  thereafter,  and  virus  still 
may  have  been  circulating  in  the  C.  melanura  population. 

WEE  virus  appeared  before  EEE.  WEE  was  isolated  from  sentinel 
blood  collected  on  22  July.  Isolations  were  made  from  C.  melanura  col¬ 
lected  on  and  after  29  July  (Table  49).  Virus  infection  rates  in  the 
C.  melanura  population  remained  relatively  constant  until  28  August, 
after  which  a  slight  decrease  occurred  (Table  50).  WEE  was  fou*  d  in 


Table  50  WEE  and  EEE  Virus  Infection  Rates  for  Female 
Culiseta  melanura  Mosquitoes  Collected  During 
1968  in  the  Pocomoke  Swamp,  Maryland. 


Period 

1  May  -  9  Jul 
14-15  Jul 
21-22  Jul 
29  Jul 
5-6  Aug 
12-13  Aug 
19  Aug 
26-28  Aug 
2-3  Sep 
9-10  Sep 
16  Sep  -  23  Oct 
29  Oct  -  18  Nov 

Year  Totals 


Number  Tested 

2,723 

2,718 

407 

302 

730 

611 

923 

881 

1,929 

1,372 

2,538 

209 


15,333 


Infection  Rate 
WEE  EEE 


0 

0 

0 

0 

0 

0 

1:151 

0 

1:730 

1:730 

1:306 

1:306 

1:923 

1:462 

1:881 

1:294 

1:1,929 

1:386 

1:1,372 

1:686 

1:1,269 

1:846 

0 

0 

1:1,394 

1:852 

C.  melanura  collected  up  to  23  October.  Over  the  year,  the  WEE  infection 
rate  (1:1,394)  was  about  half  the  EEE  rate. 

Sentinel  conversion  (antibody  appearance)  rates  provided  insight  into 
virus  transmission  trends  (Table  51).  A  sentinel  conversion  in  serum 
collected  on  a  given  date  indicated  that  virus  was  transmitted  to  that 
quail  7-14  days  previous  (not  earlier,  since  birds  were  bled  every  two 
weeks).  Sentinel  WEE-NT  conversions  started  at  a  relatively  high  level 


432 


63  3=0 
173  330 
ST  300 
6  300 


I  300 


S3  das 
LI  das 
01  das 

17  das 
83  2ny 
03  8ny 
171  8ny 
9  8ny 

63  Tnf 
33  i°r 
ST  T«f 
8  Tnf 
T  Tnf 


lz  unr 


3T  unr 
S  unr 


1111 


111! 


I  I  H  H 


•— <  I  I  r4 


i  i  eg  cm 


1-1  I  r-i  o  eg 


H  ^  H  N  CO 


o 

H  H  csj  VO  rl 


VO  CO  rH 


in  CM  CO  H  H 


cn  i  ^  cm  O' 


CM  H  H  00 


SfBgg- 

w  •—*  eg  ^  ^ 

^  <o 


i-l  CO 


CO 

n  m  cn  co  h 


I  CO  <fr  »— < 


eg 

m  N  ^  H  H 


Os  vO  *4* 


cy^gg 

h  oo  o  o  ^ 

CM  sj  H 


No.  of  birds  exhibiting  neutralizing  antibody  for  the  first  time 


on  29  July  and  reached  a  slight  peak  by  20  August.  A  decrease  occurred 
from  20  August  to  10  September,  after  which  the  number  of  WEE  susceptible 
sentinel  quail  in  the  swamp  was  not  adequate  to  measure  WEE  transmission 
trends.  However,  conversions  occurred  sporadically  among  the  few  sus- 
ceptibles  that  were  left.  Of  a  total  of  77  quail  sentinels  resident  in 
or  near  the  swamp  between  22  July  and  29  October,  only  four  failed  to 
produce  WEE-NT  antibody.  In  contrast,  EEE-NT  conversions  first  appeared 
on  6  August  and  reached  a  very  high,  early  peak  one  week  later  (14  August). 
Conversions  were  slightly  lower  during  the  three  weeks  which  followed. 

A  dramatic  decline  in  EEE-NT  conversions  occurred  thereafter,  except  for 
a  second  small  peak  observed  on  IS  October.  Only  five  quail  failed  to 
produce  neutralizing  antibody  to  EEE  between  6  August  and  29  October. 

The  initial  high  rate  of  WEE-NT  conversions  observed  on  29  July 
and  the  initial  low  rate  of  EEE-NT  conversions  observed  on  6  August  may 
be  effects  of  mosquito  density  (Table  52).  The  WEE-NT  conversions  re¬ 
sulted  via  virus  transmission  in  the  period  15-22  July.  On  15  July, 
the  C.  melanura  population  was  at  the  summer  maximum,  although  numbers 
declined  between  15-22  July.  The  EEE-NT  conversions  resulted  via  virus 
transmission  in  the  period  22-29  July,  when  the  C.  melanura  population 
was  very  low.  Thus,  in  the  early  phases  of  virus  transmission,  the  po¬ 
tential  for  WEE  transmission  was  greater  than  the  potential  for  EEE  virus 
transmission. 

The  incidence  of  EEE-NT  conversions  differed  with  study  site, 
whereas  the  incidence  of  WEE-NT  conversions  did  not  (Table  51).  WEE-NT 
conversions  started  on  the  same  date  at  the  four  study  sites,  and  about 
the  same  number  of  birds  produced  WEE-NT  antibodies  between  29  July  and 
10  September  at  each  location.  To  determine  if  there  were  significant 
differences  in  the  number  of  WEE-NT  conversions  at  different  sites  or  on 
different  dates,  29  July  through  10  September  data  (Table  51)  were  sub¬ 
jected  to  analysis  of  variance.  Differences  were  not  statistically 
significant.  EEE-NT  conversions  first  appeared  deep  in  the  swamp  at  IQ. 

The  following  week,  EEE-NT  antibody  appeared  in  birds  at  18J  and  at  20Q. 
Conversions  at  the  river,  at  40Q,  did  not  begin  until  later.  The  majority 
of  sentinels  at  IQ  converted  in  the  two  week  period  6-20  August.  Birds 
at  sites  18 J  and  20Q  required  a  four  week  period  (6  August- 10  September). 
Conversions  at  40Q  were  drawn  out  over  a  much  longer  period  of  time. 

Thus,  compared  to  EEE  virus  transmission  to  sentinels  deep  in  the  swamp 
at  IQ,  transmission  was  about  half  as  fast  in  the  18J-20Q  region  and 
relatively  slow  near  the  river.  Since  WEE  virus  transmission  was  the 
same  everywhere,  it  appears  that  the  initial  distribution  or  the  mechanism 
of  transmission  for  EEE  must  in  some  way  differ  from  that  for  WEE.  How¬ 
ever,  the  same  mosquito  species,  Culiseta  melanura,  transmits  both  viruses. 
Perhaps  another  vector,  mosquito  or  otherwise,  is  being  overlooked  for 
WEE.  Furthermore,  since  WEE  was  initially  more  dispersed  than  EEE,  WEE 
may  be  continually  present  in  the  swamp,  whereas  EEE  may  be  introduced 
each  year  from  outside. 
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Table  52  Female  Mosquitc  Densities  as  Determined  by 
Light  Trap  Capture 


Date** 

Total 

Culiseta  melanura 

Other 

April  23 

4 

0 

4 

May  1* 

3 

2 

1 

8* 

5 

1 

4 

15* 

157 

128 

29 

21* 

42 

27 

15 

28 

1099 

607 

492 

June 

152 

95 

57 

426 

196 

230 

305 

212 

93 

h 

652 

453 

199 

lur 

400 

308 

92 

223 

201 

22 

703 

493 

210 

1429 

1365 

64 

1441 

1353 

88 

218 

198 

20 

239 

209 

30 

345 

302 

43 

Aut  V* 

269 

248 

21 

489 

482 

7 

'  ') 

95 

95 

0 

13* 

523 

516 

7 

19 

1009 

923 

86 

26* 

272 

265 

7 

27* 

115 

113 

2 

28 

508 

503 

5 

Sep  2 

1380 

1367 

13 

3 

565 

562 

3 

9 

639 

630 

9 

10 

751 

744 

7 

16 

141 

140 

1 

17 

72 

70 

2 

24 

241 

231 

10 

25 

581 

557 

24 

30 

13 

13 
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»<•♦•*«  fl«*l«  i»i  <*4  i«  the  total  ntohber  of  C.  m  1  enure  preaent 
<!*»!•  U>  these  fwv  categories  of  data  were  eoaewhat  correlated.  The 
gSeotset  hesides,  es  tadlcated  by  light  trepa,  occurred  at  IQ.  Cap- 
m«s  .1  c  y  lemur  e  at  1.QQ  were  usually  lower.  To  detenilne  If  there 
«*s  #*  •wssil  significant  difference  between  these  sites,  data  given  In 
tsnu  hi  ««e  to  a  p*  fign  Teat  (Steel  4  Torrle,  I960.  Prln- 

•  »eUe  sw  h.««4«f*s  of  Statistics.  McGrow- Hill,  H.Y. ) .  Only  values 
«•<*  used  Mtt  ell  sites  were  represented  on  the  given  collection  date 
sme  if  s  t.fel  of  loo  of  «vi«  enequltoes  wee  collected  on  a  given  date. 
ov«s  (U  |«si,  (spivres  at  IQ  were  elgnlflcantly  greater  than  captures 
s<  {!!q  ip"  •  ♦  .»,  p  *.0f5).  However,  opproilnotely  equal  nuabers  of  WEE 
svf  Itl  *ir*e  isolates  were  obtained  fron  the  two  sites.  Light  trap 
«a»fufee  sure  higher  at  fOQ  than  at  40Q  (p*  *6.3,  p  <.02 5)  and  C.  Mlanura 
Pemsttle*  at  «q  were  consistently  higher  then  at  the  upland  site  18J 

iP"  -  s  o.  t  *  cs>5>.  few  vims  isolates  were  obtained  at  eltea  of  low 
s««a<p*if:.  isms H»  (40Q  end  IIJ), 

feus  the  preceding  date,  s  possible  node  of  tranenleelon  of  EEE 
*i#vs  thfvugh  the  tessp  cen  he  inferred.  EEE  virus  My  have  been  Intro- 
a*w«d  lat.  the  sesup  et  «•»  near  U)  where  It  proliferated  rapidly  due  to 
tte  shniMHc  »f  mesgvH ««*  la  (hat  area.  Sentinels  et  IQ  were  Infected 
fael.elf  i*  the  pfvueaa  (table  51).  Soon  virus  wee  spread  to  20Q,  where 

•  •i.msiaer sale  mat.Hn  i«p«laiiM  also  wee  present.  The  upland  site 

is;  was  ti.aa  I*  ft*?,  end  til  virus  nay  have  arrived  thera  via  Maqultoea 
si*e«rsi*g  Mas  ft*?  Strang* If  enough,  sentinels  at  18 J  convartad  as  or 
m.4«  rreidl i  them  th.M  et  JftQ  even  though  18 J  had  a  vary  email  popula¬ 
te.  u  .1  c  y  lemurs.  a  different  arthropod  vector  My  have  caused 
nenttnal  uleHUa  in  tte  upland,  finally,  EEE -NT  conversions  et  40Q 
4**444 after  is.*  rad  ft*?,  Pu  virus  My  have  reached  40Q  fron  20Q  In 
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Table  53  Female  Mosquitoes  Collected  by  Light  Trap 
(Other  Than  Culiseta  melanura)  in  1968 


Species 

Aedes  cantator 

Aedes  canadensis 

Culex  salinarius 


Anopheles  bradleyl-crucians 


Aedes  vexans 

Aedes  atlanticus 
Anopheles  punctipennis 
Aedes  sollicitans 
Uranotaenia  sapphirina 
Mansonia  perturbans 
Aedes  taeniorhynchus 


# 

Capture  period 

10 

1-21  May 

756 

28  May  - 

9  Jul 

46 

14  Jul  - 

14  Oct 

812 

40 

23  Apr  - 

21  May 

466 

28  May  - 

1  Jul 

150 

8  Jul  - 

19  Aug 

7 

663 

26  Aug  - 

10  Sep 

1 

15-21  May 

74 

28  May  - 

9  Jul 

83 

14-15  Jul 

70 

21  Jul  - 

19  Aug 

8 

236 

26  Aug  - 

18  Nov 

11 

28  May  - 

19  Jun 

32 

26  Jun  - 

15  Jul 

12 

22  Jul  - 

17  Sep 

53 

24  Sep  - 

23  Oct 

3 

29  Oct  - 

5  Nov 

111 


47 

12 

Jun  - 

9  Jul 

17 

64 

14 

Jul  - 

22  Oct 

21 

28 

May  - 

26  Aug 

21 

15 

May  - 

23  Oct 

17 

12 

Jun  - 

25  Sep 

13 

19 

Aug  - 

23  Oct 

9 

15 

Jul  - 

3  Sep 

8 

12 

Jun  - 

25  Sep 

438 


Table  53  (continued) 


Species 

# 

Capture 

period 

Culiseta  inornata 

8 

18  Nov 

Culex  territans 

5 

21  May  - 

15  Jul 

Aedes  triseriatus 

5 

15  Jul  - 

2  Sep 

Anopheles  quadrimaculatus 

4 

14  Jul  - 

24  Sep 

Psorophora  ferox 

3 

12  Jun  - 

1  Jul 

Psorophora  confinnis 

1 

22  Jul 

Toxorhynchltes  rutilis 

1 

21  Jul 
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Table  54  Numbers  of  Female  Cul Iseta  melanura 
Trapped  at  Different  Sites 


Site 


Date** 

IS 

20Q 

402 

18J 

1  May 

ns* 

1 

0 

1 

8  May 

0 

1 

ns 

ns 

15  May 

87 

ns 

36 

5 

21  May 

19 

ns 

6 

2 

28  May 

249 

44 

286 

28 

3  .Jun 

17 

63 

6 

9 

12  Jun 

127 

19 

24 

26 

19  Jun 

32 

63 

104 

13 

26  Jun 

202 

114 

93 

44 

1  Jul 

80 

131 

42 

55 

8  Jul 

97 

71 

12 

21 

9  Jul 

341 

49 

73 

30 

14  Jul 

607 

351 

195 

212 

15  Jul 

859 

250 

125 

119 

21  Jul 

100 

90 

4 

4 

22  Jul 

25 

151 

18 

15 

29  Jul 

75 

150 

55 

22 

5  Aug 

33 

116 

99 

ns 

6  Aug 

250 

116 

92 

24 

12  Aug 

50 

ns 

ns 

45 

13  Aug 

96 

368 

ns 

52 

19  Aug 

304 

485 

96 

38 

26  Aug 

183 

69 

ns 

13 

27  Aug 

98 

12 

ns 

3 

28  Aug 

329 

132 

39 

3 

2  Sep 

677 

561 

101 

28 

3  Sep 

406 

70 

73 

13 

9  Sep 

401 

104 

95 

30 

10  Sep 

550 

100 

44 

50 

16  Sep 

110 

21 

n 

t 

2 

17  Sep 

36 

25 

7 

2 

24  Sep 

142 

66 

15 

8 

25  Sep 

329 

181 

41 

6 

30  Sep 

0 

0 

5 

8 

1  Oct 

69 

43 

11 

2 

7  Oct 

26 

0 

4 

2 

8  Oct 

121 

61 

43 

10 

14  Oct 

239 

55 

72 

21 

15  Oct 

154 

16 

105 

18 

22  Oct 

84 

129 

73 

27 

23  Oct 

90 

31 

9 

12 

29  Oct 

0 

3 

0 

1 

t 
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I  lie  tame  ( 4  at>  i  it  .ta  lf^»  „’<bj  i>  (HI,  Thus,  IQ  and  20Q  may  have  1’  tine  - 
I  lotted  4*  ft-  *ef  v.»  1 1  •  >1  III:  Inlet  Ic"  mosqul lor* ,  which  ill  NpcrSl'd  to 

u(h«r  I*  1 4C  C  B  Buell  4B  IB  )  4lld  40Q. 

4.  blstt  ibui  l«m  »l  Hnqultu  Urv  In  the  Pocomobc  River  Swamp: 
The  apcilct  omi>.i||(  ion  of  n>squlto  larval  population*  differed  with  size 
of  habitat,  location  In  the  twattp  and  t  Ibi  of  year  (Table  II),  In 
natural  pool*  of  water,  <ulet  lertlun*  wa*  eaarntlally  the  only  apecle* 
prevent.  title  species  a  I  *o  wa*  iitpixi  In  the  open  hole*  dug  early  In 
1941.  t  u  let  t  ef  |  1 1  an*  wa*  abundant  In  these  hole*  lr<>B  mid-July  to  late 
October  and  IQ  to  log,  t .  tett It  an*  wa*  found  less  frequently  In  the 
•■taller  (IV*  dla.l  old  Itolr*  d<t|  In  1967, 

Cul  taeta  Me  I  anil  4  w->*  abundant  af*er  ntd- June  In  the  old  hole* 
locate?  near  'l&}.  larvae  Were  often  found  In  the  196H  hole*  between  20Q 
and  It).  C ,  wtclanura  larvae  were  teldom  collected  from  the  natural  pool* 
or  in  the  194b  hole*  between  2V)  and  40q,  However,  the  specie*  nay  be 
present  everywhere  In  the  tw«t>  within  subterranean  cavities.  The  ply¬ 
wood  sealed  hole*  dug  (run  |Q  to  40Q  are  thought  to  resemble  such 
cavities.  When  opened  on  |9  August,  no  larvae  were  observed  In  any  of 
thea.  These  hole*  could  not  be  rescaled  tightly,  and  adult  aosquitoe* 
probably  had  acce**  to  them  via  small  opening*  at  the  corners.  When  sub¬ 
sequent  collections  were  naJe  on  ?B  August  and  ?)  October,  C.  •telanura 
larvae  were  found  In  all  enclosed  holes  which  contained  water.  Including 
40Q.  In  fact.  It  was  the  only  species  present  In  the  holes,  which  sug¬ 
gest*  that  C.  meianuta  Is  the  only  larval  specie*  which  character  1st  leal 1> 
occurs  In  that  type  of  habitat.  The  open  v*.  covered  bole  experiment 
conducted  at  IV)  also  indicated  that  C.  nelanura  occur*  in  greater 
abundance  within  Covered  hole*  (Table  $4). 

Covered  l»o | e*  probably  represented  a  habitat  intermediate  between 
open  hole*  and  hole*  sealed  with  plywood  boards.  Tech  of  the  three 
Cules  specie*  Were  found  in  about  equal  number*  in  open  and  covered  hole*. 
Thus,  these  specie*  are  capable  of  surviving  In  a  »eni • enc lo*ed  environ¬ 
ment.  Cullseta  nelanura  larvae  made  up  the  greatest  percentage  of  the 
total  larval  population  In  covered  boles.  The  abundance  of  C .  nelanura 
In  covered  holes  nay  be  due  to  a  preference  among  adult  female*  for  egg 
deposition  In  enclosed  places. 

AedeS  canadensis  larvae  Were  abundant  early  In  the  season  at  all 
open  sits*  eftcept  40Q,  where  It  was  never  found  (Table  J>).  After  April, 
A.  canadensis  was  most  commonly  found  In  the  old  holes  dug  In  1%7.  The 
species  virtually  disappeared  from  most  site*  by  nld-July. 

CuIcb  sal inarlus  was  never  collected  deep  in  the  swamp  at  IQ,  IOQ, 
or  101.  It  was  rarely  found  at  IV)  and  20Q.  The  species  was  occasionally 
abundant  closer  to  the  river  between  2V)  and  40Q, 
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Tabic  5b  The  Percentage  of  the  Total  Population  of  Larvae  3  mm  or 
More  in  Length  Made  up  by  Various  Species  of  Mosquitoes 


Table  55  (continued) 


10-16  Oct  2  0  0-3  0-20  0-6  74-97 

22-29  Oct  2  000  90-95  5-10 


Table  55  (continued) 


Table  56  Mosquito  Larvae  Collected  in  the  Open  Versus  Covered  Hole 
Experiment  Conducted  15  August  -  14  November  1968 


Culex 

salinarius 

Species  of 
Culex 
territans 

Larvae 

Culex 

restuans 

Culiseta 

melanura 

Covered  sites: 

hole  "A" 

21 

31 

0 

131 

hole  "C" 

16 

44 

23 

101 

Open  sites: 

hole  "B" 

3 

5 

0 

21 

hole  "D" 

28 

70 

4 

1 

Sums: 

Covered  sites 

37 

75 

23 

232 

Open  sites 

31 

75 

4 

22 

Species  composition 
(1) 

Covered  sites: 

10.1 

20.4 

6.3 

63.2 

Open  sites: 

23.5 

56.8 

3.0 

16.7 
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Like  C.  salinarius,  C.  restuans  was  frequently  found  near  the  river. 
It  often  comprised  the  major  part  of  the  larval  populations  in  the  region 
from  40Q  to  20Q.  C.  restuans  was  infrequently  abundant  deeper  into  the 
swamp.  It  was  never  collected  in  the  natural  pools  and  only  a  few  larvae 
were  ever  found  in  the  old  holes  dug  in  1967. 

In  some  cases,  larval  abundance  correlated  with  light  trap  captures 
of  adults.  A.  canadensis  larvae  were  abundant  in  old  holes  until  late 
June  (Table  55),  and  most  adults  of  this  species  were  captured  before 
July  (Table  53).  Culiseta  melanura  larvae  were  found  more  frequently 
after  mid-June.  Overall,  adults  of  C.  melanura  were  not  captured  in 
large  numbers  until  mid- June  (Table  52).  By  contrast,  Culex  territans 
and  C.  restuans  were  seldom  captured  in  light  traps,  although  the  abun¬ 
dance  of  larvae  of  these  species  suggests  that  adults  should  have  been 
abundant  also. 

Additional  insight  into  larval  distribution,  and  therefore  factors 
which  may  determine  adult  distribution,  was  provided  by  a  consideration 
of  larval  habitats. 

5.  Differences  in  Larval  Habitats:  The  larval  data  clearly 
show  that  some  species  were  more  characteristic  of  breeding  sites  near 
the  river  (Culex  salinarius  and  C.  restuans)  while  others  were  not 
(Aedes  canadensis  and  Culiseta  melanura) .  In  an  effort  to  explain  larval 
distribution,  habitats  were  examined  to  determine  their  similarities 
and  differences.  Environmental  parameters  which  were  similar  at  all 
sites  could  be  eliminated  as  influences  on  larval  distribution  in  1968. 
Parameters  which  did  vary  from  site  to  site  might  suggest  mechanisms  by 
which  larval  populations  were  limited. 

All  larval  habitats  were  similar  in  a  few  respects.  The  pH  of 
swamp  waters  was  about  the  same  everywhere  and  equaled  pH  4.6  or  lower 
(Table  57),  The  acidity  was  in  part  due  to  the  acidity  of  Pocomoke 
River  water,  which  was  pH  6.4  at  Pocomoke  City  when  measured  by  Hulme 
on  23  July  1963  (State  Md.  Dept.  Geology,  Mines  &  Water  Res.  Bull.  16, 
1955.  Baltimore).  However,  organic  acids  and  free  C02  produced  via  de¬ 
composition  most  certainly  contributed  to  the  acidity  of  waters  within 
the  swamp.  It  is  unlikely  that  pH  was  a  factor  in  determining  the  dis¬ 
tribution  of  larvae. 

Hydrogen  sulfide  was  common  throughout  the  swamp  and  indicated  that 
anaerobic  decomposition  occurred  at  all  larval  sites.  Thus,  waters  of 
larval  habitats  probably  were  low  in  dissolved  oxygen  content.  The 
deoxygenation  of  swamp  waters  probably  resulted  via  processes  of  de¬ 
composition.  In  addition,  oxygen  may  have  been  removed  from  waters  by 
bubbling  of  CO2,  methane,  H2S,  etc.  Since  iron  was  plentiful  (Table  57), 
oxidation  of  soluble  iron  to  insoluble  ferric  hydroxide  possibly  con¬ 
tributed  to  deoxygenation. 
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Table  57  Chemical  Analysis  of  Waters  in  the  Pocomoke  Swamp  for 
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Larvae  resident  deep  in  the  swamp  probably  inhabited  a  more 
anaerobic  aquatic  environment  than  those  near  the  river.  The  dis¬ 
tribution  of  sulfates,  sulfites  and  irons  suggests  such  an  inter¬ 
pretation.  Sulfates  were  more  abundant  at  40Q  than  at  IQ,  although 
40Q  concentrations  were  also  much  larger  than  river  concentrations 
(ppm  SO^  =  15;  Hulme,  0£.  cit. ) .  The  increased  concentrations  of 
sulfates  at  40Q  may  have  arisen  via  oxidation  of  anaerobically  produced 
sulfites.  Although  the  concentration  of  total  irons  was  not  different 
in  the  swamp  from  the  quantity  measured  for  the  Pocomoke  River  by  Hulme 
in  1963  (ppm  Fe  *  1.4,  0£.  cit. ) .  dissolved  irons  were  more  abundant 
at  40Q  than  at  IQ,  and  suspended  irons  were  frequently  more  abundant 
at  IQ.  Probably  soluble  irons  were  oxidized  to  form  insoluble  suspended 
forms  and  these  accumulated  at  IQ.  Flushing  by  the  river  may  have  re¬ 
duced  the  concentration  of  suspended  irons  at  40Q.  If  in  fact  oxygen 
concentrations  were  higher  at  the  rivet;  and  dissolved  oxygen  was  not 
measured  directly,  it  probably  resulted  from  the  penetration  of  river 
water  through  the  swamp  floor  or  by  river  flushing  of  larval  holes. 

Thus,  larval  distribution  may  have  been  influenced  by  the  effect  of  the 
river  on  the  oxygen  content  of  the  water.  However,  physical  disturbance 
caused  by  river  flushing  may  have  limited  the  survival  of  some  species 
near  the  river. 

Conditions  at  IQ,  and  to  a  lesser  extent  at  20Q,  were  similar  to 
those  found  in  some  bog  situations.  Whereas  water  at  40Q  was  light 
yellow,  water  from  IQ  and  20Q  was  tea  color;  IQ  had  the  deeper  color. 
Also,  turbidity  was  greater  deep  in  the  swamp  but  could  not  be  attributed 
to  dissolved  solids,  since  silica  and  dissolved  iron  were  more  abundant 
at  40Q.  The  tea  colored  water  and  high  turbidity  in  the  swamp  in¬ 
dicated  the  presence  of  humic  acids,  tannins,  lignins  or  other  decom¬ 
position  products  in  the  form  of  organic  colloids.  Suspended  but  filter¬ 
able  (through  Whatman  No.  40)  irons  may  have  contributed  to  turbidity 
also. 


The  preceding  data  indicate  that  some  substances  were  in  greater 
abundance  at  some  sites  than  at  others.  Areas  near  the  river  probably 
had  the  greatest  concentrations  of  dissolved  oxygen,  sulfates,  dissolved 
irons  and  silicates.  Areas  deeper  in  the  swamp  had  increased  concentra¬ 
tions  of  free  CO2,  sulfites  and  organic  compounds.  It  is  not  unlikely 
that  bacterial  and  plankton  populations  would  differ  at  sites  that  are 
so  dissimilar.  If  such  populations  did  not  differ  in  species  content, 
the  relative  abundance  of  each  species  may  have  differed.  However, 
biological  productivity  in  the  holes  dug  in  1968  was  probably  about  the 
same  everywhere  in  the  swamp  since  phosphate  and  nitrate  concentrations, 
which  are  good  indicators  of  productivity,  were  similar  at  the  three 
sampling  sites  (Table  57).  These  observations  suggest  that  mosquito- 
larval  food  may  differ  with  site  in  kind  but  not  in  quanti  .  The 
mosquito- larval  distributions  for  Culiseta  melanura,  Aedes  canadensis, 
Culex  restuans  and  C.  salinarius  may  have  depended  to  some  degree  on 
food  quality  rather  than  food  availability. 
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6.  Factors  Which  Limit  the  Distribution  of  Mosquito  Species: 
Summary:  It  is  clear  from  foregoing  results,  that  no  species  of  larva 

is  found  with  the  same  frequency  at  all  places  or  in  all  habitats  within 
the  swamp.  Culex  territans  was  the  most  cosmopolitan  species,  and  it 
may  have  either  wider  chemical  tolerances  or  a  greater  ability  to  survive 
varied  physical  conditions  than  do  the  other  species.  However,  even 
Culex  territans  was  limited.  It  was  not  present  in  the  plywood  sealed 
holes,  and  it  was  not  abundant  in  the  small  holes  dug  in  1967.  Aedes 
canadensis  never  was  found  at  40Q  in  1968;  perhaps  this  species  could 
not  tolerate  the  frequent  flushing  by  river  water.  On  the  other  hand, 
Culex  restuans  and  Culex  salinariua  were  found  most  frequently  nearer 
the  river,  between  20Q  and  40Q.  Culiseta  melanura  larvae  were  found 
more  frequently  in  open  water  between  IQ  and  2QQ  than  in  the  open  waters 
closer  to  the  river. 

Various  mechanisms  may  be  at  work  which  limit  the  distribution  of 
mosquito  larvae  in  the  swamp.  Some  species  may  be  influenced  by  the 
amount  of  dissolved  oxygen  in  the  water.  Food  quality  could  limit 
survival.  There  is  also  the  possibility  of  competition.  The  presence 
of  C.  melanura  near  the  river  in  open  holes  may  be  precluded  by  the 
abundance  of  Culex  in  the  region.  Competition  with  other  species  may  be 
less  intense  or  absent  within  enclosed  habitats.  Indeed,  competitive 
forces  may  have  selected  for  a  Culiseta  melanura  population  in  which 
females  actively  seek  enclosed  places  to  lay  eggs.  Or  like  A.  canadensis. 
C.  melanura  larvae  may  prefer  the  more  stable  environment  in  the  deep 
swamp,  which  probably  more  closely  reflects  the  anaerobic  conditions 
which  prevail  within  cavities  in  the  root  mat. 

The  distribution  of  adult  mosquitoes  is  probably  not  as  limited  as 
the  distribution  of  their  larvae,  since  adults  can  disperse,  or  be  dis- 
persed,  to  considerable  distances  after  emergence.  But  at  least  in  some 
species,  adult  mosquito  populations  reach  their  highest  densities  at  the 
sites  where  larvae  are  most  frequently  found  and  where  larvae  are  most 
abundant.  The  C.  melanura  data  show  that  larvae  were  most  frequent 
around  IQ,  where  the  greatest  adult  captures  were  made.  Preliminary 
analyses  of  adult  capture  data  for  several  other  species  collected  in 
1968  also  show  site  preferences.  Therefore  in  some  species,  the  key  to 
adult  distribution  is  larval  distribution,  and  larval  distribution  de¬ 
pends  on  habitat  conditions.  Eggs  which  are  deposited  in  habitats  which 
are  not  suitable  simply  will  not  develop  through  the  larval  Instars.  In 
periods  of  virus  transmission,  the  greatest  number  of  EEE  and  WEE  in¬ 
fected  C.  melanura  will  be  present  in  areas  where  there  are  suitable 
breeding  sites.  EEE  virus  transmission  probably  will  be  more  rapid  at 
such  locations,  although  WEE  virus  transmission  may  not  be. 

In  order  to  understand  mosquito  distribution  in  the  swamp,  much 
more  systematic  work  will  be  required  on  interactions  between  larval 
species  and  with  the  parameters,  biotic  and  abiotic,  of  their  environments. 
Experiments  must  be  performed  in  the  laboratory  and  in  the  field  to  de¬ 
termine  what  limiting  factors  are  at  work.  Such  knowledge  is  of 
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particular  interest  for  vectors  of  disease.  When  the  factors  which 
regulate  the  distribution  and  survival  of  C.  melanura  are  known,  the 
capacity  to  predict  the  times  and  locations  of  adult  densities  could 
be  at  hand.  It  may  even  be  possible  to  enhance  the  effects  of  natural 
regulating  mechanisms  to  reduce  C.  melanura  larval  populations.  Thus, 
it  might  be  possible  to  prevent  a  large  emergence  of  adults,  such  as 
that  which  occurred  on  14-15  July  in  1968.  As  adult  populations 
diminish  so  does  the  potential  for  virus  transmission.  In  effect, 
epizootics  similar  to  the  Milliards  episode  of  1968  might  be  prevented. 

If  emergence  could  not  be  controlled,  then  at  least  there  would  be  a 
forewarning  of  a  potentially  dangerous  situation,  and  mosquito  abatement 
could  be  initiated.  However,  prediction  and  control  of  vector  population 
densities  will  only  be  possible  after  further  studies  of  larval  popula¬ 
tions  and  the  variables  which  regulate  them. 

7.  Mosquito  Infection  Rates:  1964-1968:  Epizootics  of  EEE 
have  occurred  with  a  periodicity  of  three  to  five  years  on  the  Eastern 
Shore  of  Maryland.  Mosquito  data  collected  from  1964  through  1968  in 
the  Pocomoke  River  Swamp  demonstrate  the  trends  in  WEE  and  EEE  virus 
Infection  in  one  such  cycle  (Table  58).  The  year  1964  was  characterized 
by  low  lniection  rates  for  both  viruses  in  the  0.  melanura  population. 

In  1965,  however,  EEE  virus  reached  epizootic  proportions,  and  WEE  virus 
infection  was  increased  also.  The  overall  infection  rate  (WEE  &  EEE) 
was  1:495  individual  mosquitoes.  EEE  infection  decreased  in  1966. 

However,  WEE  virus  infectL.  i  continued  to  climb.  WEE  was  as  common  in 
1966  as  EEE  had  been  in  1965,  and  the  overall  infection  rate  for  1966 
(1:484)  was  the  same  as  that  observed  in  1965.  In  1967,  rates  for  both 
viruses  dropped.  No  EEE  virus  isolates  were  made  from  C.  melanura.  but 
a  single  Isolation  was  obtained  from  Culex  salinarius.  Virus  infection 
again  increased  in  the  Culiseta  melanura  population  in  1968.  The  in¬ 
creases  in  WEE  and  EEE  observed  from  1967  to  1968  were  similar  to  in¬ 
creases  observed  from  1964  to  1965.  Of  course,  the  1968  EEE  increase 
was  to  epizootic  proportions. 

If  the  trends  indicated  by  Table  58  continue  to  hold  true,  then  the 
year  1969  should  evidence  a  substantial  decrease  in  EEE  infection  in  the 
C.  melanura  population.  Also,  1969  should  be  a  year  when  WEE  virus 
reaches  epizootic  proportions. 

The  number  of  female  Culex  salinarius  captured  in  1968  was  approxi¬ 
mately  an  order  of  magnitude  lower  than  what  would  have  been  predicted 
on  the  basis  of  collection  data  for  the  years  1964  through  1967  (Table  58), 
C.  salinarius  has  twice  provided  EEE  virus  isolates.  Therefore,  popula¬ 
tion  fluctuations,  as  the  reduction  in  1968,  are  of  interest.  No  specific 
reason  for  the  1968  decrease  can  be  given  at  this  time,  but  the  data 
suggest  that  1968  was  a  year  of  low  density  for  mosquito  species  other 
than  Culiseta  melanura. 
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Summary. 


1.  Acute  Respiratory  Disease  in  the  12  Basic  Combat  Training  (HC1 ) 

post*  fro*  July  1968  to  May  1969  was  caused  principally  by  Adenovirus 
Types  4  and  7  (ADV-4  and  ADV-7).  Live  Adenovirus  Type  4  oral  vaccine 
(L-AV-4)  was  given  to  incoming  recruits  at  seven  posts  in  early  winter 
1969  and  resulted  in  the  suppression  oi  ADV-4  associated  ARD  by  a  time 
when  7ST  oi  the  BCT  strength  wss  immunised,  in  most  posts,  ADV- 7  be¬ 
come  the  predominant  pathogen  after  L-AV-4  lnmunizni ’on  and  in  th • 
Northern  most  posts  was  associated  with  high  ARD  rates  during  spring 
1969.  A2/HK/68  influents  occurred  on  most  BCT  posts  in  December  and 

January  but  accounted  for  lets  than  207.  of  ARD  hosplf.’  lent  ion  in  those 
months.  Type  B  influenza  caused  significant  morbidity  at  Fort  Bliss 

and  ml  morbidity  at  Forts  Bragg  and  Wood  during  February  1969. 

2.  Three  separate  studies  of  a  live,  enteric-coated,  Type  7  Adeno¬ 
virus  oral  vaccine  (L-AV-7)  were  undertaken.  Administration  of  the 
vaccine  to  volunteers  resulted  in  no  adverse  effects.  L-AV-7  containing 
10***  TCD50  virus  caused  gastrointestinal  infection  without  illness  and 
produced  type-specific  serum  N  antibodies  in  all  susceptible  volunteers 
Immunised,  Simultaneous  administration  of  both  L-AV-4  and  L-AV-7  vac¬ 
cines  was  safe  and  no  significant  decrease  in  immunogenic lty  of  cither 
vaccine  was  dessonat rated.  The  administration  of  L-AV-4  and  L-AV-7 
vaccines  to  trainees  at  Fort  Dlx,  N.J.  produced  serum  ADV-7  N  antibodies 
in  857,  of  susceptlbles  icmunlzed,  and  resulted  in  a  477.  suppression  of 
febrile  AID  and  a  967.  suppression  of  ADV-7  associated  ARD  as  compared 

to  a  group  Immunized  with  L-AV-4  and  a  placebo  capsule. 

3.  An  epidemic  of  Aj  Influenza  was  first  recognized  in  Hong  Kong 

in  July  1968.  A2/HX/68  strains  were  readily  Isolated  in  cmbryonat.cd 

eggs  or  sw>nkey  kidney  tissue  culture.  The  serologic  response  of  in¬ 
dividuals  Infected  with  this  strain  resembled  a  primary  antibody  re¬ 
sponse.  Significant  differences  in  the  antigenic  composition  of  the 
A2/HK/68  strains  to  previous  Ap  strains  wss  evident  from  HI  and  neu¬ 
tralising  antibody  tests;  hyperimme  rooster  antisera  to  a  1957  Aj 
strain  did  not  neutralise  Aj/HK/68  strains,  nor  did  hyperlammnc  rooster 
antisera  to  the  A2/HK/68  strains  neutralize  the  19'/  strain.  The  1968 
ml' it ary  polyvalent  influensa  vaccine  did  not  induce  significant  titers 
of  N  antibody  *,0  Ap/HK/bS  strains  in  ieounized  recruits. 

4.  Treatment  of  human  sera  with  a  slurry  of  DEAE-Sephadex  removed 
ell  sertei  components  except  IgC  and  resawed  all  non-specific  inhibitors 
of  hesugglutlnat ion  to  Influensa  A?,  arbovirus  and  rubella  virus 
hemagglutinins.  The  extraction  procedure  is  simple  and  reproducible 
and  My  represent  a  universal  method  for  rewvsl  of  ron-specific  serus 
Inhibitors  to  a  variety  of  viral  hemagglutinins. 
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>,  Kutic  I  U  III  tiler*  Mtfc  I»CJ»  J(cj  nh  1/vcf  i’W  »c  fa  -btain.-d 
I|  <*>  all  women  cH|c(|H(  i/ki. II  *lu|  UeVltl  Af«j  IW»|>|U|  |>lcin>l  il  rlinli*. 
A|i|>t.ii|«i9lc|y  10'.  u|  (lie  V>*A«ll  Wle  *ef  i/ht(  alive  |»  rubella,  l>l»l  -flcal 
recall  of  prevlou*  rubella  or  lack  of  rubella  |n|ccl|uit  by  individual* 
did  nut  predict  tbclr  *u*cept Ibl I lly  Ju  rubella,  A  plaque  reduction 
neutral  Irat  Ion  teat  (or  rubella  u«»  developed  with  LU-HIi  cell*,  th|* 
serologic  teat  vai  found  nore  sensitive  titan  e*|*ttng  nrul  raj  1  rat  ion 
test*  (or  rubella. 

6.  Serial  serum  specimen*  (ran  patient*  developing  allergic  re¬ 
action*  after  ad*ln|*lfal Ion  of  equine  anti-table*  *erun  Were  teated 
(or  antlbodle*  to  whole  t*>r*e  *erum  and  ltor*c  IgC  and  (of  clearance  of 
Itorae  IgC-g lobul in*.  tfblle  all  eight  patient*  developed  high  or  moderate 
antibody  titer*  to  whole  hor*e  *rru*,  none  developed  significant  anti¬ 
body  titer*  t<>  equine  IgC  and  the  clearance  ■> I  equine  IgC  fr«n*  their 
serum  Wat  exponential.  Precipitin*.  measurable  in  three  patient*,  were 
directed  agaln*t  equine  alpha  <>r  beta  globulin*  and  not  equine  gemma 
globulin*.  Despite  their  allergic  reaction*  to  horte  *et<m,  ttcc*c 

pat  lent  a  did  not  develop  detectable  antlbodle*  to  equine  IgC  (containing 
the  il>l-;*  antlbodle*)  and  did  not  clear  equine  IgC  by  an  immune  Melon- 
1  ~  . 

7,  Children  |«munl«ed  With  typhoid  vaccine  responded  with  an  in- 

c  r*a*e  in  terue*  level*  of  lgM,  T1»c  major  part  of  |h|*  lgM  |ncrce*c  va* 
specific  anti-typhoid  antlbodle*.  and  antlbodle*  to  the  flagellar  anti¬ 
gen  (II)  const  lluted  mo*l  of  the  Specific  anti- typhoid  IgH  response. 

0.  Isolate*  obtained  Iron  patient*  with  dengue- like  d|*ea*w-  in 
IHd  epidemic*  tn  Jamaica  and  Tahiti  Were  clearly  Identified  a*  dengue 
type  1.  although  a  few  isolate*  from  Jamaica  were  dengue  type  !.  Type  ) 
•train*  Were  al*o  Itolatcd  retrospectively  from  specimen*  obtained  from 
an  epidemic  In  Malaysia  In  I960. 

'i .  Three  physically  defined  dengue  antigen*  were  previously  I  totaled 
from  infected  mouse  brain  by  *ucro*e  gradient  fractionation.  |y  rapidly 

•  edlmentlng  HA  antigen  (lllA)  containing  InfcCIl-u*  vlru*  particle* 
measuring  4 S  iw,  !)  slowly  tcdlmenting  HA  anllgcn  ISHAI  containing  non- 
infectious  14  mu  particle*,  and  J)  a  soluble  non-  *ed  l  men  l  ing ,  non- 
hemagglut  Inal  Ing  Cf  antigen  (SCO  containing  7  m>u  particle*  *imltar  to 

•  urlacc  projection*  on  ft>^.  AHA  wa*  first  detected  In  m»u:e  brain  iw 
day*  after  infection,  SllA  on  day  I,  and  SCI'  on  day  4,  targ<-  quantifies 
of  SllA  and  scl  were  present  at  !•(>  day*  Immediately  prior  to  death, 

SCI  wa*  found  circulating  In  b|o-ud  at  •imil<?r  level*  found  in  brain. 

While  KllA  Infect  Ivlty  in  blood  wa*  10^- fold  lc**  than  that  found  in 
brain.  SllA  could  be  derived  from  km  try  extraction  with  TVeett-bO  >r 
treatment  with  cobra  vcti.*, 


I<l.  Klmtii  iin.i  I  v.s  I  £>  mil  li.nls  hwhhchIciI  that  SIIA  blocked  ncu- 
t  rail  xiit  I  on  <»!  KIIA  l>\  antibody  prop.ir  *.**1  against  crude  virus  but  not 
by  antibody  rained  ay.alnst  purified  virus.  Antibody  ruiscd  to  purified  virus 
neutralised  infect ivity  in  crude  virus  suspensions  to  a  greater  rate 
than  antibody  raised  to  crude  virus  suggesting  use  of  the  former  as  a 
reference  research  iv.igi-ut  tor  kinetic  analysis  techniques.  Use  of 
purified  virus  iKHA)  in  standard  plaque  reduction  neutralization  tests 
was  unsuccessl ul ;  antibody  titers  were  drastically  reduced  from  titers 
obtained  using  i  rude  virus  suspensions  due  to  aggregation  of  the 
purified  virus  idi-ising  infectious  virus  on  dilution. 

II.  Hiatal  to, i  i  kiia,  mia.  and  Si  t  in  an  electric  field  Indicated 
that  these  antlf.ciin  Uav<  a  similar  tie'  lenitive  charge.  Their  elution 
(rots  inorganic  piv»  i  11  >(•»  suggcsi  c*l  that  tlie  total  charge  of  each 
antigen  Increased  will  iu  sl/e,  Ilu  elu  ion  character  IsticB  of  Sl'K  in 
Sephadca  gel  I  l  it  ration  »  iggesls  a  »l.  m-h  rut- 1  us  o|  J't  any;  Stroms  or  >l 
dlasseter  »»l  >  an,  .  uisisieiil  witli  t  >e  a  sur  etnciil  s  o|  7  mu  obtained  from 

electron  mi.  r«.gr upns . 

I.'.  Pul  it  led  Si  I  t.ailo!  I IU  <>n|i  1  e  t  e  1  y  with  antibody  prepared  against 
crude  Vitus,  !<*t  tshibllrd  I  lie  sane  device  I  i|otb  teactlollt  41  crude 
antigens  cu  i|  I  I  lal  type  I  Vi  did  n  l  1 1  ai  I  will,  types  1  and  U  anti* 
body  and  types  and  I  'at  did  n  >1  |  <  .u  I  Will  type  U  antibody.  KHA  and 

5 IIA  i  ruts*  r<»  I  ed  I.  >  Ki<j|i|  degree  I  ban  set  t  erode  antigens  which 

contain  soil  l>  '■«  »  and  l.ui  small  amount  s  ,.|  KilA.  and  MLS.  Dengue  SCI' 

antigens  vl  1 1  fi>*  cecrpti  n  .>1  tape  l  pt.-dmed  single,  discrete  pre* 

Clplllsi  lines  in  if  41  d.  utile  Jilt  as  l.ata  si(l>  li.wio  I  ogous  and  lietet* 
.’logout  antiset  >.  hs  ills  luffrtl  i  4  that  t  eifci.  <>  and  t  ype*  Spec  i  I  Ic 
antigens  wefe  I  n  tint  same  m  1  t  ,  1  .  fat’ni  tiian  as  physically 

separate  antigens  •  n  t  lie  Mli'U, 

Si,  An  cp  i  t  tii  I  l.as  lr|n  l.ijuilu-  lin  rjl  j!  *U«  ...  .tiffed  around 

Vtlllafds,  Hat  y  l  an.  J  1 1  >m  ii  l  d  •  in  1  y  t  n l  d  •  .‘-uf  ui  t  I  Hi  ,  tat  t  ct  n  ,  l  nc 
rflt  epha  litis  *111  i  I  I  ■<  was  ills!  |s  lat  ej  in  the  I’.  '.IS  .*  c  C  yp  (css 

Avanp ,  Hat  iland  .all)  A..f  .,t  l  and  pc  a  *  activity  t  this  vltus  o<  c  uf  f  c  d 

|n  n|d-  Awfull  .  it  was  act  Is  talc. I  in  e  a  t  I  >  ’’>  t  'Let.  We  s  ( at  n  ti{u  Inc 

tnc  epha  litis  i  w  i  ail  :  was  Ills)  Is  l  a  t  cd  in  latr  Jwlj  and  activity  .» ! 

this  vltus  was  !  Ml  I;  i  .  nst  ant  t  .  'icpIcmAcf,  wit  was  last  Isolated  In 
late  IH  I  vt>c  |  .  <  n  1  |  s  e  I  a  nc  1  an  f  a  was  I  Iwc  p  t  e  d  mi  nan  I  mo  squ  l  to  species  in 

the  swanp  as  we  t  e  i  it.l  ned  lo  light  t  lapping  a  t\ .!  I  afvi !  sutveyt.  ttt  anj 
Utt  VC  t  e  |s  l  a  l  e  d  It. in  ii.  s  .j  1!  es  i  (his  spi.irs  ai  nc  ,  .nc(  all  In 
f  e<  I  I  on  talc*  t  ne  |  a  nut  a  we  I  c  #*•<?  i  t  II!  and  t  )  W  tot  Utt, 

f*tc  tnc  I  den«  c  t  Ml  i  I  II  ..id  >  .  inc  |  s  i  s  Ins  c*  t  Inc  «  .J  V»a  il  ditfef  c  d  wit'. 

Site  with!  (Ic  twain;  wr  I  1  c  l '  -  e  in,  i  dun  c  t  wtl.  a  s.  (  x  l>  <»d  y  t  .  *»  vef  s  i  ns 

4|d  no  t  .iilietei.ee  in  l  1  .  laf.ai  l.ai  4  I  a !  e  .  i  in  jijwit  species  In  (  he 

Swarnf  vc  Ic  I  j  a  •  Ml  j  ai  e  d  will  t  •  .  distill,  I  i  I  adult  fft'l<|ui  I  o«  s 

|n  sw  amp  s  I  ««J  >  :-li  ; 
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Project  3A06] 102B7LU  COMMUN l CABLE  DISEASES  AND  IMMUNOLOGY 
Task  00  Communicable  Diseases  and  Immunology 
Work  Unit  167  Rickettsial  infections 
Investigators . 

Principal:  Bennett  I..  Elisberg,  M.D. 

Associate:  F.  Marilyn  Boreman,  M.S.;  Janis  M.  Campbell,  M.S.;  Charles 
F.  Needy,  B.S.;  lanes  W.  Humphries;  MAJ  Richard  N.  Miller, 
MC;  MAI  Roger  M.  Miller,  MC;  SPS  Robert  C.  Kirby,  B.S.; 

Sl,f.  Wendell  .1.  Bind ,  B.S. 

Description. 

During  the  lurrmt  reporting  period,  research  efforts  have  been 
concerned  with:  ( 1  )  the  scrub  typhus  vie  Inc  development  program 
including  (a)  continued  adaptation  of  newly  recognised  prototype  strain# 
in  embryonal  d  hens'  eggs  an'  ( »> )  determining  the  applicability  of  cer¬ 
tain  physic  o  .  Iimi.il  method*  t  c  the  <  onc out  r  a t  1  on  and  purification  of 
scrub  typhus  i  i<  »rt  I  a  I  ae  fr-’U  lightly  Infected  yolk  sacs;  |2|  collection 
of  «ero|ogi>  rvidrnce  that  (a)  k.  cauada,  a  newly  recognised  member  of 
the  typhus  ,  t  iii9c>  a*. etc  febrile  illness  In  man,  and  (b)  an 

ensuoilc  In.  to  i  'fr.  t  ion  with  a  member  of  the  Typhus  Croup  estate  In 
the  f  1  >  1  <*r  ■{.-Itre1  population  near  Ho«t  pel  ler  ,  Virginia;  |  ))  attempt* 
employing  i <*j iic.t  nwo«idlsut«siei(  technics  to  differentiate  primary 
and  auf  llr.mll  trrp.rC.SCS  I  C»  J  f  plius  ctoup  |sf«c(|s(i»  |n  MB  end 

to  Idenfi'j  t  J»*  lass  .  t  I  tsnnjciog  1  o!>u  1  I  ns  present  |n  seta  collected  In 
tlie  rally  *-ti.ssc  ..I  Miotr,  fuflng  a  >d  after  «  convalescence ,  |4|  Invest  l  * 

gat  l  >’■*»•  .  f  t’c  *->i  !  i  !  ir"  till  tc  (  I  r  I!  y  of  a  n  wST  e  •  of  t  he  newer  enf  I  - 
blot  let,  •<«  |‘i  .(/;<  c  Vltniltidi  •  dmf  |  f  y  J  attains  of 

iMeejdt  >C  4  f  •  r  *  *  1  4  «tt  !  1  m  n|»  »•  f  :  pet  leal  •  that  land 

t  f  .rgtCSS 

I  ».<tvA  ! )  f t  *  Is.*  ‘vn;.p*i!*C  I'm  •  v.*  yatl  trial*)  years  the 
iSepar«eer<  of  1 1 .  »«  C  1  t :  1 1  h*#  V  t.«  c  >e  «>(  !  4  (ta  ie**|lillly 

of  leithj  »  *'))«/  y.o  ■*  1  t»  e**- l '  *  »">•-.<  jiefe.f  then  a4.eia.sf 

the  nit  l|r.  ’  t!  :  c  4  i  ix  t  **  ilitUt  !  I|<**1  l»t*  t  s-vt  s-MgaSt*#*.  I  fhet  estsf 
M  *.*1«|<  Is  ait  l|«i  !■  sc  tlytlt  •<  T#  effsins  of  s.fsCV  I  lyAsa  Is,  trial 
i*  IVtiias)  tio*  >*c  :«iit,  «ti<  Mmali  eO'S  U^f  tfiaMWiie  ess 

1  *|l  (<|)  o>»t  C  :  titl'  I  I  ,|  Us  of  CVt  Sit  -*CV  t  (yftmt  s  t  t  *  l  -  t  «*«  \  *  *■*  i  *cfc  IW. 

t  he  ocS#  *  *iSe !  I  ♦  >  »t§  *  e  *.<  1  !  1  1 1  y  '  '  ss»ki»«  •*«»  '  *  m  (•»  Ua*  figs  lift'd  mt 

sill  the  will  til  tlit  I1i«  st*  1  '  §*ns  hi  fV*  <  ottny  •>ne<*.f  I .  *  *  1  loti  tew  e 
sale  .'otsty  •  >«'J  of  itlUtl  1  |'.l  IIiJ  tutyai't  '  »it.t  f  >  1  *  f  leicM  eft  *U» 

«*  I  tl  1 1 1  ’  1  !■)  'tjn.rt*  ,'oit.ci  is  }U(  »C  iji  tic  iL*t  to  tejtesewt  ell  of 
t  la  S't  *  f  1-  ><  1  t  ‘  tells  m  o*<  it  1 1  f  U  hyt'.  >#  o*i  as  dial 
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dial  Itn  (  IVc  Dial  aU«l<>*  »•  I  actc  U<  N*  ii«*.a  tvi-u*. - 

lUspoft*  liavc  I'lcoc.ilcJ  I  Ke  ei  U**v.i«  I  4  *4  *t  I  K*  f4*»,*«...*  .  I 

41  trail  I  aiii||aH|(ilh  4 1 itut».»  l*  iu  !V»t  ..}:•.»{.«■  u 
(hr  prnrnl  time,  (ft  *44111  u*  l»  IK*  >  * »*  ij**,  KHUi.Uw 

Ttial  KfalHi  khlch  «fe  t  «h4l  J«(*i  (»(  •<*(«!  *<*t  f  1*4  («•  S«il»a 

In  (h«  polyvalent  v*c<|n*  jn.ilv.it*  S*l*  )4  5*t  *•,  iM*«  t»u  !*:♦:* 

TH*  41  (  f  Icull  (••  rtt(ouM«|r4  In  »a(*|4.|i|  IK*  l  ow.1  <»-4  4  »l  (>H.«  .  I  •  4  * 4t* 

1  mm  in  yoU  mii  |nf*(t*4  wllK  ik*  5K*i  »i  <•(*.*  (.4  it*  |(«jnn 

Cion  of  am  i|citi  *a4  (4p*iia*nii|  i4<>u««  (.*>«  v<«*  {*«<  i  ti«4  ^4*«t 

Thli  ptuhlra  *vt I  U  i«»ul»<4  Uloi*  tl«lt*4  «»t  *4  i  toivjn*  IK*  fMUf  •* 

I  h*  c*n4l4*(c  »(f*(n  <  *n  t>«  <«tiy  (*|*<4  in  atiii  tmi,  •  t.»4  *.<  i  *  4  1 4  »t  i  .m 
of  (h*  M]o(  *4m1  tliuif  *M||*4.|<  no*piiiiuiM»  of  I1*m  *4<*>4-4  •  Dual  W 
c*r  r  Ir4  «yl  ••  IHJ*  {•  «  p|c(*t«l*ll(  lo  (cU4ii.t*.(4^  lt«*  le»*4i  <itMC*4 

of  •If  *  |n*  (  o  t*  |  K(  u  f  pH)  1*1  *4  Into  *  fto  (^4  |(  *4-1  III  <  i  44*  t  •  f  4  VI  l  ft*  1 1* 

ttfO«4**(  4*|l*«  of  |>K(*(  I  (o*  *4*ln.*{  ic  M  t  »44*tK*  U  !,♦<  vl* 

C<Mir«^a*<t(  t) ,  *ffuff*  4wt  l*a  t  K*  f*«i  >,»i«  I***  i..i*i«44*4  *111 

(•)  lopt^vlh*  IK*  fldwIK  0*1  t>(  f  t  <  #  l  M  t  4-  Ht<  rttft  4  f  *>»■»<  •  <! 

hr#*1  *u*  «n>  (u  4*4* » o h*»<m  of  a**M  •(  j.*4  i  t  i .  *i  i •**  «n  (<i  *>.■*:  t  r>*4 
*1 1  l  H*  pf*p.*r*|  (m*  of  l**i-J  *44*>*K*l  .*,*  <!  4  1  ItA  I  «:<K*I  !•(*.« 

f  f  -M»  |I|M1)  l*f*<  let  >-a  1 4  •  «<• 

*.  f  f  >}'»4 » I  1  o\r>-  of  Cmn.4  i  £*t  «  N»l«l/t«  iV*t  :i4*t4,»  .1  111  4tA 

ifpKu*  K*r i*t  f»i**|*«  of  ;  t»  >  -  t  ••*  *  .i  :v*i  *t4*i«4«  !**<>,  !**;», 

(Mil,  **r  ** r *  a*iit  *i  nf -f a «■* : *<*t«:  f  it*  f.«*>  14.1*4  i*;t  u 

of  4* t  to  K*tt*t  *C*fi  1 1*4*  **ttni  •  t»  «>*: I  {  •  *t  i  •«-  t*  *m4  4  >  .n,*i*jf  *44* 
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fixation  completely  detached  from  Che  alidea  during  rinaing  stages, 
therefore,  cheat  substances  had  Co  be  removed  from  Che  anclgen  suspen¬ 
sion  before  the  material  could  be  examined  eadefactorily.  Covering 
ihe  smears  after  fixation  with  a  fine  coaC  of  acrylic  plastic  from  a 
spray  can  did  not  Interfere  with  the  atalnlng  proceee  but  markedly  re¬ 
duced  the  loss  of  material  from  the  slide. 

Rickettsiae  are  known  to  maintain  cellular  Integrity,  lnfectlvlty 
and  pathogenicity  when  suspended  In  solutlona  containing  sodium  chloride, 
potassium  chloride,  glutamate,  sodium  and  potassium  phosphate  buffer 
systems  and  supplemented  with  various  concentrations  of  sucross  and 
albumin  (lovarnlck,  N.R.,  et  al . ,  J .  Ract .  59:509-522,  1950).  Therefore, 
a  solution  with  some  of  these  constituents  witlch  closely  mimics  the  com¬ 
position  of  intracellular  fluid,  the  natural  habitat  of  rickettslae,  was 
devised  for  this  series  of  studies.  The  final  solution  developed 
resembled  R-7.5  (op.  clt.),  but  differed  by  containing  nore  electrolyte* 
and  less  Sucrose,  end  wes  called  “Modified  E-7.5."  (See  Table  1.)  The 
H*  of  (h;«  solution  wae  near  7.5,  specific  grevity  •  1,010  snd  osnolarlty 
wss  eppfosimstely  1O0  ml  1 1  losmoles . 
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The  homogenate  was  then  centrifuged  for  5-7  minutes  at  150  £  and  4  C. 

The  midzone,  that  is,  the  volume  between  the  sedimented  cellular  debris 
and  floating  fatty  material,  was  harvested.  This  combination  of  low 
speed  centrifugation  and  midzone  harvest  was  performed  3  times.  The 
midzone  volume  harvested  from  the  third  low  speed  centrifugation  was 
then  centrifuged  at  20,000  £  and  4  C  for  30  minutes.  After  the  superna- 
tsnt  containing  soluble  yolk  materiel  was  discarded,  the  sediment  com¬ 
posed  of  rlckettsiae  and  yolL  sac  material  was  resuspended  in  an  appro¬ 
priate  volume  of  Modified  K-7.5  eolutlon,  carefully  layered  on  * 
gradient.  Flcoll,  a  synthetic  inert:  non-lonlzed  molecule  of  polymerized 
sucrose,  wee  utilized  for  denelty  gradients  because  of  the  following 
advantageous  physical  and  chemical  properties.  The  high  molecular 
weight  (about  400,000)  and  the  extreme  solubility  of  the  compound  allow 
for  the  formulation  of  solutions  with  both  s  high  Flcoll  content  and 
specific  gravity  with  comparatively  low  viscosity  and  negligible  osmotic 
pressure.  The  low  osmotic  pressure  was  considered  Important  in  the 
preservation  of  the  fragile  It.  tautaugamuahi.  Flcoll  gradients  contain¬ 
ing  It.  tsutsugaaaishl  can  be  broken  rapidly  and  easily  by  dilution  without 
osmotic  disruption  of  the  organisms.  A  50 X  (w/v)  solution  of  Flcoll  In 
Modified  K-7.5  was  used  as  the  stock  solution  and  was  diluted  with  addi¬ 
tional  Modified  K-7.5  to  obtain  the  concentrations  needed  in  the  various 
studies. 

Linear  gradient*  ranging  from  10  to  50X  (specific  gravity  •  1.045- 
1.1*5)  were  prepared  end  the  specimen  applied.  After  *0  minute#  centri¬ 
fugation  at  14,100  g  the  particles  attained  leopycnlc  position.  All 
opera? ion*  were  carried  out  at  4  C.  Ou  scrvA  typhus  rtcAettelee  did 
not  etcumwlate  within  «  narrow  range  of  spgeifu  grew  It  lea  aa  do  many 
other  cell#  end  HdxelUUt  part  Idea,  hat  were  dlatrlbetnd  with  the 
host  t lease  ceapnaalt  throughout  swat  ef  the  gradient  vllhnel  algplfl* 
«aet  rat  lo*  at  any  particular  level .  Although  the  couse  fee  t*o 
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solubilize*  *11  but  high  density  lipoprotein*  we*  *ut>*t  («i 

Modified  K-7.5  diluent,  the  processing  of  Infected  y»U  #«t  pfl*»#  «» 
density  gredlent  centrifugation  was  alaller  to  that  pr«vii*»*iy  4«»*uu< 
for  the  pretreetaent  of  yolk  secs;  1.*.,  J  low  speed  •« 

ISO  £  fro*  which  the  aldiont*  were  recovered,  followed  Vy  <**•  Mge 
centrlfugetlon  et  20,000  e.  Coopered  with  the  l*M  tr*#tav*t,  «w 
sedlaent  resulting  froa  the  high  epeed  cent  rtfuget  Ion  co*t#i*e4  newt  -I 
the  rickettelee  end  fer  lees  egg  aetertel.  The  nejoim  »f  iu  yU 
proteins  wee  either  In  solution  or  fleeting  neer  <•»  *»*'*<•  owe  <u  w.t 
contribute  to  the  sedlaent . 

Although  the  processing  of  infected  y*U  »*<  *•*♦**»»•*♦  *to  %»o,t 
solution  wee  effective  In  pertlelly  purifying  I.  ,  »«  **♦ 
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of  biological  properties.  Although  little  is  known  of  the  factors 
determining  the  behavior  of  cells  and  particles  in  these  aqueous  polymer 
phase  systems,  the  area  as  well  as  the  chemical  and  physical  properties 
of  the  surface  are  apparently  significant.  The  usefulness  of  this  less 
severe,  highly  efficient  method  of  phase  partition  for  the  separation  of 
scrub  typhus  rickettsiae  from  suspensions  of  infected  yolk  sacs  was 
evaluated . 

The  constituents  of  all  stock  solutions  and  phase  systems  were 
measured  on  a  weight  basis  because  of  the  high  viscosity  of  the  polymer 
solutions . 


Stock  solutions  of  the  various  reagents  were  prepared  in  the  fol¬ 
lowing  manner.  A  potassium  phosphate  buffer  (KPB) ,  consisting  of  equi¬ 
molar  proportions  of  KH2PO4  and  K2HPO4,  was  used  generally  as  the  diluent 
in  the  phase  systems  and  stock  solutions.  In  certain  specific  instances 
a  sodium  phosphate  buffer  (NaPB),  consisting  of  equimolar  proportions  of 
NaH2P04  and  Na2HP04,  or  distilled  water  (D/W)  was  used.  When  diluents 
other  than  KPB  were  used,  the  stock  solutions  consisted  of  the  polymer 
in  the  designated  solution. 


Dextran,  marketed  under  the  trade  name  "Dextran  500,"  was  obtained 
from  Pharmacia  Fine  Chemicals,  New  Jersey.  The  material  used  had  a 
limiting  viscosity  number  of  53  ml/g,  weight  average  molecular  weight  of 
490,000  and  number  average  molecular  weight  of  185,000  and  is  referred 
to  as  d53.  a  20%  (w/w)  of  d53  was  utilized  as  the  stock  solution. 
Polyethylene  glycol  was  obtained  as  "Carbowax  6000"  from  the  Union 
Carbide  Company,  New  York,  New  York.  This  product  has  a  number  average 
molecular  weight  of  6,000  to  7,500  and  is  referred  to  as  PEG^OOO,  a 
30%  (w/w)  solution  of  PEG^00^  was  used  as  the  stock  solution.  Methyl- 
cellulose  (MCX  U.S.P.,  was  obtained  from  Fisher  Scientific  Company. 
Fairlawn,  New  Jersey.  Three  different  products,  referred  to  as  MC^OOO, 
MC^OO  and  MC-^  were  1%,  3%  and  5%  (w/w),  respectively. 


In  the  potassium  phosphate-polyethylene  glycol-water  phase  system 
a  30%  (w/w)  stock  solution  of  potassium  phosphate  (KPHOS)  in  distilled 
water  was  used.  The  potassium  phosphate  used  was  a  mixture  with  the 
following  ratio:  306.9  g  K2HPO4  to  168.6  g  KH2PO4.  A  15%  (w/w)  stock 
solution  of  reagent  grade  MgS04*7H20  in  distilled  water  was  used  in  the 
MgS04-PEG6000_H2O  phase  system.  The  concentration  of  the  stock  solution 
represents  the. actual  amount  of  MgS04  and  not  the  water  of  hydration. 


The  infected  yolk  sacs  in  the  appropriate  buffers  were  homogenized 
and  centrifuged  at  low  speed  as  previously  described  to  partially  remove 
cellular  debris  and  extraneous  fat.  The  midzone  fluid  recovered  after 
the  third  low  speed  centrifugation  /as  added  to  the  phase  systems. 
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In  a  number  of  instances,  PEG^OO  was  a(jdec'  to  the  yolk  sac-diluent 
mixture  prior  to  blending  in  order  to  inhibit  protein  and  lipoprotein 
denaturation.  In  most  instances  separation  and  partitions  of  the  phases 
occurred  after  the  mixture  was  allowed  to  stand  at  room  temperature  for 
varying  periods  of  time  (1  g/time).  Because  of  the  viscosity  of  certain 
phase  systems,  it  was  necessary  to  centrifuge  the  mixtures  at  low  speeds 
to  form  the  phases.  The  organisms  were  detected  as  previously  described 
by  Indirect  immunofluorescent  staining  after  the  hydrophilic  polymers 
were  removed  by  dilution  with  K-7.5  diluent  and  sedimentation  by  cen¬ 
trifugation.  The  amount  of  contaminating  yolk  was  estimated  after 
visual  inspection  of  the  harvested  fractions. 

The  details  and  results  of  the  experiments  carried  out  with  the 
methylcellulose  (MC)-dextran  (D)  phase  system  are  summarized  in  Table  2. 
After  the  low  speed  centrifugation,  which  was  necessary  to  effect  par¬ 
tition,  all  of  the  material  in  the  infected  yolk  sac  suspension  was 
present  in  the  bottom  phase.  Irrespective  of  the  formulation  of  the 
partition  system,  rickettsiae  and  yojk  sac  components  were  distributed 
between  a  sediment  and  the  remaining  supernatant  fluid  of  the  dextran 
phase.  There  was  no  evidence  of  selective  separation  or  concentration 
of  the  rickettsiae. 

The  results  of  attempts  to  purify  Kato-infected  yolk  sac  suspensions 
with  polyethylene  glycol  (PEG) -dextran  (D)  phase  systems  prepared  with 
either  potassium  phosphate  buffer  (KPB),  sodium  phosphate  buffer  (NaPB) 
and  sucrose,  or  with  MgSC>4  are  presented  in  Table  3.  Scrub  typhus 
rickettsiae  were  not  separated  from  the  yolk  sac  material  in  the  PEG^^00_ 
d53_kpb  phase  system.  Somewhat  different  distributions  were  obtained 
when  the  partition  was  established  after  standing  (1  g/22  hours)  and 
after  low  speed  centrifugation  (225  g/40  min.).  Nevertheless,  the 
finding  of  rickettsiae  in  a  particular  phase  was  always  accompanied 
with  the  presence  of  considerable  amounts  of  host  tissue  components. 

Unlike  the  methycellulose-dextran  phase  system,  the  distribution 
of  molecules  and  particles  in  the  polyethylene  glycol-dextran  system  is 
affected  by  both  the  type  of  electrolytes  in  the  media  and  the  ionic 
strength.  Therefore,  in  an  attempt  to  alter  the  distribution  of  organ¬ 
isms  and  yolk  material  in  the  polyethylene  glycol-dextran  system,  sodium 
phosphate  buffer  (NaPB)  or  MgS04  was  incorporated  into  the  system. 
Sucrose,  which  is  distributed  equally  throughout  both  phases,  was  added 
when  needed  to  prevent  a  hypo-osmolar  state. 

In  comparison  with  the  results  obtained  with  the  PEG^®®®-D^^-KPB 
partition,  separation  of  the  phases  of  the  PEG^OO-D^-NaPB  system  after 
standing  or  centrifugation,  was  associated  with  a  slight  shift  in  the 
distribution  of  both  rickettsiae  and  yolk  from  the  interface  into  the 
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TABLE  2.  PHASE  PARTITION  OF  YOLK  SAC  SUSPENSION  OF  KATO  STRAIN 
K.  TSUTSUCAMUStil  IN  METHYLCELLULOSE-DEXTRAN  SYSTEMS 


DISTRIBUTION  OF  COMPONENTS 
OF  SPECIMENS 


PRETREATMENT 

PHASE  SYSTEM 

PREPARATION 

PHASES 

OF 

4  FORCES 

TOP 

INTER-  BOTTOM  (D) 

SPECIMEN 

CONSTITUENTS 

AND  TIME 

(MC) 

FACE  FLUID 

SEDIMENT 

I) 

10Z  ys**  (Kato) 

In  0.45  M  MgSO^ 

2X  MC15 

blended  3X 

2*  D53 

2  R 

3-4  R 

165  4/IO  Bin. 

— 

— 

2) 

Centrifuged  3X 

9  365  4/IO  nln. 

10Z  ys 

2  Y 

3-4  Y 

3) 

Midzone  #3 
centrifuged  @ 

0.1  M  KPB 

20,000  g/30  min. 

4) 

Sediment  resus¬ 
pended  in  0.45  M 
MgS04 

1Z  MC400 

2Z  D53 

165  4/IO  min. 

- 

3  R 

3  R 

5) 

Diluted  c  D/W  to 
0.15  M  MgS0A 

10Z  ys 

3  Y 

3  Y 

0.1  M  KPB 

6) 

Centrifuged  @ 

20,000  4/ 20  min. 

7) 

Sediment  resus¬ 
pended  in  0.5  M 

0.5Z  MC4000 

1.0Z  D53 

3  R 

3  R 

KPB 

165  4/IO  Bln. 

— 

— 

8) 

Diluted  c  D/W  to 

10Z  ys 

3  Y 

3  Y 

0.10  M  KPB 

0.1  M  KPB 

9) 

Added  to  phase 

Concentration  of  R  (Rickettsiae)  and  Y  (Yolk  *ac  components)  graded 
on  a  scala  fro*  0  to  6. 

Tolk  sac. 
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upper  phase.  There  was,  however,  no  selective  separation  evident. 

(See  Table  3.)  The  addition  of  MgSCty  to  the  polyethylene  glycol-dextran 
system  containing  infected  yolk  sac  suspensions  partially  purified  by 
MgS04  pretreatment  resulted  in  a  shift  of  the  rickettsiae  along  with 
egg  material  from  the  top  phase  into  the  Interface  and  bottom  phase. 

(See  Table  3.) 

When  partially  purified  infected  yolk  sacs  were  Incorporated  into 
polyethylene  glycol  (PEG) -potassium  phosphate  (KPHOS)  phase  systems, 
partition  resulted  in  the  fairly  homogeneous  distribution  of  organisms 
and  egg  material  throughout  all  phases  (Table  4).  Changes  of  the  con¬ 
centrations  of  PEG^OOO,  potassium  phosphate  and  yolk  sac  as  well  as  the 
substitution  of  MgSO^  for  potassium  phosphate  resulted  in  some  shifting 
of  the  rickettsiae  from  one  phase  to  another  along  with  the  host  tissue 
components. 

Purification  by  a  single  phase  partition  depended  upon  the  seque¬ 
stration  of  the  desired  particles,  the  rickettsiae,  either  into  one  of 
the  phases  or  the  interface,  with  the  exclusion  elsewhere  in  the  system 
of  all  the  unwanted  cell  debris,  lipids,  proteins  and  other  components. 
Alternatively,  distribution  of  most  of  the  components,  either  the 
rickettsiae  or  the  host  tissue  material,  into  one  of  the  phases,  with  a 
fairly  uniform  dispersion  of  the  other  component  throughout  all  phases, 
could  be  utilized  for  effective  purification  provided  phase  partitions 
were  carried  out  repeatedly. 

The  treatment  of  infected  yolk  sac  suspensions  with  selected 
polymer  phase  systems;  viz. ,  methylcellulose-dextran,  polyethylene 
glycol-dextran  and  polyethylene  glycol-salt,  did  not  result  in  either 
of  the  favorable  distributions.  R.  tsutsugamushi  was  not  separated 
from  the  egg  material.  Although  there  was  a  different  distribution  of 
the  components  when  one  type  of  phase  partition  was  compared  to  another, 
in  no  instance  were  the  rickettsiae  distributed  in  a  pattern  different 
from  that  of  the  egg  material. 


2.  Rickettsia  Canada;  A  New  Member  of  the  Typhus  Group.  The  isolation 
of  Rickettsia  Canada  from  Haemaphysalis  leporispalustris  ticks  removed 
from  indicator  rabbits  near  Richmond,  Ontario,  Canada,  was  reported  by 
McKiel  et  al.  in  1967  yCanad.  J,  Microbiol.  1_3 : 503 ,  1967).  On  the  basis 
of  antigenic  relationship  with  Rickettsia  prowazekii  and  Rickettsia 
mooseri  the  microorganism  was  considered  to  be  a  new  member  of  the 
Typhus  Group  of  Rickettsieae.  Additional  information  on  the  geographic 
distribution,  the  arthropod  vectors  and  vertebrate  hosts  involved  in  the 
infection  cycle  in  nature,  and  the  pathogenicity  of  the  rickettsia  for 
man  has  not  been  published. 
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TABLE  3.  PHASE  PARTITION  OF  YOLK  SAC  SUSPENSIONS  OK  KATO  STRAIN 
R.  TSUTSUCAMUSHI  IN  POLYETHYLENE  CLYCOL-DEXTRAN  PHASE  SYSTEMS 


DISTRIBUTION  OF  COMPONENTS 
OF  SPECIMENS 


PRETREATMENT 

PHASE  SYSTEM 

PREPARATION 

PHASES 

OF 

4  FORCES 

TOP 

INTER- 

BOTTOM 

SPECIMEN 

CONSTITUENTS 

AND  TIME 

(PEG) 

FACE 

(D) 

1) 

12*  vs.* 
pEC6000  4  o.i  M 

4.0*  PEG6000 

1  R 

3  R 

KPB  blsndsd  3X 

5.0*  D53 

225  4/  40  min. 

2  Y 

3  Y 

2) 

Centrifuged  3X  @ 
225  f/10  oln. 

9.0*  ys 

1  4/  22  hrs. 

1  R 

2  R 

1  R 

3) 

Midzone  13  Into 

phaee 

0.1  M  KPB 

1  Y 

2  Y 

1  Y 

1) 

17*  vs.  1.2* 
PEC6O00,  o.2  M 

3.6*  PEC6000 

2  R 

1-2  R 

Sucrose  &  0.01  M 
NaPB  blsndsd  3X 

4.5*  D53 

225  4/  30  min. 

2  Y 

2  Y 

— 

2) 

Centrifuged  3X  @ 
225  4/IO  min. 

0.2  M  Sucrose 

2  R 

2  R 

10*  ys 

1  4/  40  min. 

3) 

Midzone  1 3  Into 

phsse 

0.01  M  NaPB 

2  Y 

2  Y 

1) 

10*  ys  In  0.15  M 
MgS0A  blended  3X 

4.0*  PEC6000 

2) 

Centrifuged  3X  9 
365  4/30  oln. 

5.0*  D53 

2  R 

1  R 

3) 

Midzone  #3  centrl- 

1  4/I2O  min. 

— 

fuged  9  20,000  4/ 
30  min. 

4.0*  MgSO^ 

3  Y 

1  Y 

4) 

Resuspended  In 

0.15  M  MgS04  & 

Into  phase 

13.0*  ys 

1) 

10*  ys  In  0.45  M 
MgSO^  blended  3X 

2) 

Centrifuged  3X  9 
365  g,/30  min. 

4.0*  PEG6000 

2  R 

3) 

Midzone  #3  centrl- 

5.0*  D53 

fuged  9  20,000  4/ 
30  min. 

1  4/  30  min. 

4) 

Resuspended  In 

0.45  M  MgS04 

4.0*  MgS04 

5) 

Diluted  c  D/W 
over  18  hours  to 
0.15  M  MgS04 

13.0*  ys 

3  Y 

6) 

Added  to  phase 

Concentration  of  R  (Rickettsiae)  and  Y  (Yolk  sac  components) 
graded  on  a  scale  from  0  to  6. 

Yolk  sac. 
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TABLE  4.  PHASE  PARTITION  OP  YOLK  SAC  SUSPENSIONS  OP  KATO  STRAIN 
R ,  TSUTSUOAMUSIU  IN  POLYETHYLENE  CLYCOL-SALT  SOl.UTJON  SYSTEMS 


*  Concentration  of  R  (Rickettsiae)  and  Y  (Yolk  sac  components) 
graded  on  a  scale  from  0  to  6. 

Yolk  sac. 
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,i.  Serologic  evidence  of  Rickettsia  Canada  Infection  of  Man.  In 
the  fall  of  1968,  paired  serum  specimens  from  a  patient  with  a  clinical 
diagnosis  of  Rocky  Mountain  potted  fever  (RMSF)  were  submitted  to  the 
Department  of  Rickettsial  Diseases,  Walter  Reed  Army  Institute  <•? 
Research,  for  confirmatory  serologic  diagnosis.  Complement  fixation 
(CF)  testa  with  a  variety  of  soluble  antigens  prepared  from  members  of 
the  Spotted  Fever  Croup  failed  to  demonstrate  antibodies,  but  tests 
with  group-reactive  and  specific  antigens  prepared  with  members  of  the 
Typhus  Croup  established  a  causal  relationship  with  R,  Canada.  This 
finding  prompted  the  retesting  of  serum  specimens  submitted  during  pre¬ 
vious  years  that  had  been  obtained  from:  (1)  cases  diagnosed  as  RMSF 
which  could  not  be  substantiated  by  serologic  tests,  and  (2)  cases  of 
RMSF  confirmed  by  CF  tests.  Serologic  evidence  found  thus  far  indicated 
that  4  patients  had  experienced  a  severe  febrile  disease  caused  by 
R.  Canada. 

Croup-reactive  soluble  antigens  used  in  the  study  were  prepared 
from  yolk  sacs  infected  with  2  different  strains  of  R.  rlckettsl 
(Bitterroot  and  Sheila  Smith)  and  R.  akari  (Hartford).  In  addition,  2 
antigens  were  prepared  from  different  passage  levels  of  strain  TT-118. 

The  latter  strain  is  a  Spotted  Fever  Croup  rlckettsia  recovered  from  a 
mixed  pool  of  Rhlplcephalus  and  Ixodes  larval  ticks  collected  in  Huai 
Mae  Sanom,  Thailand,  in  November  1962. 

Each  of  the  spotted  fever  soluble  antigens  exhibited  a  high  degree 
of  intragroup  cross-reactivity.  The  difference  in  the  complement-fixing 
antibody  titer  of  each  pool  of  antisera  obtained  from  guinea  pigs  in¬ 
fected  with  the  Spotted  Fever  Group  strains  detected  in  tests  with  4  to 
8  units  of  the  homologous  and  heterologous  antigens  was  2-fold  or  less. 
None  of  the  spotted  fever  soluble  antigens  fixed  complement  in  the  pre¬ 
sence  of  a  1:10  dilution  of  sera  obtained  from  guinea  pigs  infected  with 
R.  mooseri,  R.  prowazekii  or  R.  Canada. 

The  typhus  group  antigen  was  made  by  mixing  equal  volumes  of  soluble 
R.  mooseri  and  soluble  R.  prowazekii  antigens  having  comparable  titers. 

CF  tests  showed  that  4  to  8  units  of  the  composite  typhus  group  antigen 
detected  the  same  level  of  antibody  in  murine  and  epidemic  typhus  immune 
guinea  pig  sera  as  was  found  when  the  same  sera  were  tested  with  the 
homologous  antigen  only.  The  titer  of  R.  Canada  immune  guinea  pig  sera 
with  the  typhus  group  antigen  was  2-fold  lower  than  with  the  homologous 
antigen.  The  typhus  group  antigen  did  not  fix  complement  in  the  presence 
of  a  1:10  dilution  of  sera  from  guinea  pigs  infected  with  the  4  differ¬ 
ent  Spotted  Fever  Group  rickettsiae. 

The  specific  epidemic  and  murine  typhus  antigens  were  corpuscular 
antigens  prepared  from  infected  yolk  sac  suspensions  by  repeatedly 
washing  the  organisms  in  0.5  M  KC1,  resuspending  the  rickettsiae  in 
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normal  saline,  followed  by  2  ether  extractions  and  concentration  by 
centrifugation.  When  2  to  4  units  of  the  specific  antigens  were  teHtod 
with  the  murine  and  epidemic  typhus  immune  guinea  pig  sera,  the  heter¬ 
ologous  complement-fixing  antibody  tlt^r  was  8  to  32-fold  less  than  the 
homologous  titer.  These  antigens  did  not  fix  complement  in  the  presence 
of  a  1:10  dilution  of  sera  from  guinea  pigs  infected  with  R.  Canada  or 
the  Spotted  Fever  Group  strains. 

The  R.  Canada  antigen  was  prepared  in  the  same  manner  as  the 
spotted  fever  soluble  antigens.  However,  the  R.  Canada  antigen  was 
highly  strain  specific.  The  only  heterologous  activity  found  was  with 
the  epidemic  typhus  Immune  guinea  pig  sera  and  the  titer  was  8-fold 
less  than  levels  demonstrated  in  tests  with  the  typhus  group-reactive 
and  specific  R.  prowazekil  antigens. 

Serum  specimens  from  patients  were  tested  with  4  to  8  units  of  each 
of  the  soluble  antigens  and  2  to  4  units  oi  the  corpuscular  antigens. 

To  insure  performance  of  the  rickettsial  antigens,  appropriate  positive 
and  negative  control  sera,  as  well  as  an  antigen  prepared  from  yolk  sacs 
of  uninfected  embryonated  eggs  were  included  in  each  test. 

Table  5  presents  the  results  of  CF  and  Weil-Felix  tests  on  the  sera 
of  the  4  patients  which  exhibited  R.  Canada  antibodies.  The  first  2 
cases  listed,  W.G.  and  L.G.,  developed  complement-fixing  antibodies  that 
were  detected  only  with  the  R.  Canada  antigen.  Tests  with  the  5  differ¬ 
ent  soluble  antigens  prepared  from  strains  of  Spotted  Fever  Group 
rickettsiae  were  negative.  Although  R.  Canada  is  a  member  of  the  Typhus 
Group,  fixation  of  complement  with  the  group-reactive  soluble  antigen 
and  specific  epidemic  typhus  and  murine  typhus  antigens  was  not  observed. 
Although  the  titer  of  Proteus  OX^g  was  4-fold  greater  than  OX2  agglu¬ 
tinins  in  the  early  specimen  of  case  W.G.,  the  2-week  serum  contained 
high  levels  of  both  agglutinins.  The  Weil-Felix  reaction  with  sera  fron 
case  L.G.  exhibited  a  significant  increase  in  Proteus  OX^g  antibodies 
only. 


A  similar  Weil-Felix  reaction  was  observed  with  the  third  case, 
C.M.  Complement-fixing  antibodies  detected  on  the  9th  day  after  onset 
reacted  only  with  the  R.  Canada  antigen  but  the  24th  day  serum  fixed 
complement  in  the  presence  of  all  the  antigens  except  the  specific 
murine  typhus  and  epidemic  typhus  antigens. 

Both  Proteus  0X^9  and  OX2  agglutinins  developed  in  the  last  case, 
J.S.  Complement-fixing  antibodies  detected  by  the  R.  Canada  antigen 
were  present  in  the  25  day  serum.  However,  tests  on  later  convalescent 
sera  revealed  the  presence  of  spotted  fever  antibodies  when  tested  with 
a  R.  rickettsi  antigen  prepared  from  the  Bitterroot  strain.  The  sera 
were  negative  with  the  other  spotted  fever  group-reactive  antigens. 
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*  Day  of  Disease. 

**  Results  obtained  with  2  different  TT-118  antigens. 

t  Proteus  OXK  agglutinins  were <1:20. 
tt  Complement  was  not  fixed  at  1:5  dilution. 

§  Reciprocal  of  serum  dilution. 


The  etiology  of  the  Illnesses  In  these  patients  cannot  be  established 
definitely  on  the  basis  of  the  serologic  data  only,  in  the  absence  of 
the  causative  ag”»nt.  At  the  present  time,  the  only  explanation  that  can 
account  for  the  presence  of  R.  Canada  complement-fixing  antibodies  in 
the  convalescent  sera  of  the  first  2  patients  (W.G.  and  L.G.)  is  either 
an  infection  with  the  newly  recognized  rickettsial  species  or  a  closely 
related  strain.  Interpretation  of  the  results  obtained  in  the  last  2 
cases  depends  upon  the  cross-reactivity  that  may  be  expected  when  sera 
from  patients  with  infections  with  members  of  the  Spotted  Fever  Group 
and  Typhus  Group  are  tested  with  the  respective  group-reactive  soluble 
and  specific  antigens  representative  of  the  agents  in  both  groups. 

There  is  little  Information  in  the  literature  which  deals  with  this  as¬ 
pect  of  the  serologic  response  in  human  disease.  It  is  not  common  prac¬ 
tice  for  diagnostic  laboratories  to  routinely  test  specimens  with  anti¬ 
gens  representative  of  all  of  the  different  groups  of  rickettsiae  when 
the  clinical  picture  and  circumstances  of  infection  suggest  a  single 
disease.  Published  reports  by  other  workers  demonstrating  antigenic 
relationships  between  the  2  groups  have  been  based  principally  on  the 
development  of  rickettsial  agglutinins,  toxin-neutralizing  antibodies, 
and  immunity  to  heterologous  challenge  following  experimental  Infection 
of  a  variety  of  laboratory  animals.  Sera  from  many  other  cases  of  RMSF 
and  murine  typhus  from  different  areas  of  the  United  States  and  from 
cases  of  murine  typhus  and  tick  typhus  occurring  in  other  parts  of  the 
world  have  been  tested  with  the  same  antigens  used  in  this  study.  These 
data  will  be  reported  later,  but  a  brief  review  of  the  results  obtained 
thus  far  is  pertinent  to  the  present  study.  The  majority  of  the  patients 
with  RMSF  developed  antibodies  which  fixed  complement  only  in  the  pre¬ 
sence  of  all  of  the  soluble  spotted  fever  group  antigens.  When  reacti¬ 
vity  with  antigens  prepared  from  a  member  of  the  Typhus  Group  was  demon¬ 
strated  it  was  present  In  specimens  from  military  personnel  or  their 
dependents  who  most  likely  had  been  Immunized  with  epidemic  typhus  vac¬ 
cine.  In  these  instances,  significantly  lower  levels  of  antibodies 
were  detected  with  the  typhus  group-reactive  antigen  as  well  as  with 
the  specific  R.  prowazekil ,  R.  mooserl  and  R.  Canada  antigens.  Generally, 
the  titers  with  R.  prowazekil  antigen  were  greater  or  equal  to  the 
R.  mooserl  titers  while  the  levels  of  R.  Canada  antibody,  when  present, 
were  considerably  lower. 

The  last  3  cases  in  Table  5  had  never  been  immunized  with  epidemic 
typhus  and  there  was  no  history  of  prior  disease  caused  by  a  member  of 
the  Typhus  or  Spotted  Fever  Groups  of  rickettsiae.  Information  about 
these  factors  in  the  first  case  (W.G.)  was  not  available.  The  develop¬ 
ment  of  antibodies  detected  by  the  spotted  fever  group  and  R.  Canada 
antigens  in  case  C.M.  may  have  resulted  from  a  dual  infection  with 
R.  rickettsi  and  R.  Canada.  Since  both  agents  are  probably  present  in 
the  same  geographic  regions  and  most  likely  employ  the  same  tick  vectors 
and  vertebrate  hosts,  it  is  not  unreasonable  to  expect  to  encounter 
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single  ticks  infected  with  both  rickettsial  species.  Similarly,  in  case 
J.S.,  a  dual  infection  may  have  crused  the  sequential  appearance  of 
first  R.  Canada  antibody  and  then  the  spotted  fever  antibody  detected  by 
the  Bitterroot  antigen.  The  appearance  of  low  titers  of  spotted  fever 
antibody  2  or  3  months  after  onset  of  disease  has  been  observed  occa¬ 
sionally  in  other  cases  clinically  diagnosed  as  RMSF.  It  is  possible 
that  the  Spotted  Fever  Group  organism  causing  the  disease  may  be  a  strain 
that,  antigenically ,  differs  markedly  from  the  strains  used  for  the 
preparation  of  antigens. 

The  clinical  features  of  the  illnesses  of  each  of  the  patients  were 
indistinguishable  from  those  usually  associated  with  RMSF.  Patient  W.G. 
became  ill  in  Laredo,  Texas  in  September  1963.  The  only  available 
clinical  information  indicated  that  the  patient  had  headache,  fever, 
chills,  marked  anorexia  and  constipation.  He  developed  a  macular  rash 
on  the  hands,  palms,  legs  and  abdomen  which  persisted  for  3  or  4  days. 
There  was  no  known  exposure  to  insects  .  The  other  3  cases  which  were 
documented  more  extensively  occurred  in  the  Fort  Bragg-Fayetteville  area 
of  North  Carolina  where  RMSF  is  known  to  be  endemic.  The  most  recent 
case  occurred  in  early  August  1968  while  the  other  2  patients  became  ill 
in  late  July  1967.  The  history  prior  to  onset  of  disease  and  the  clini¬ 
cal  course  were  similar  in  all  3  cases.  Each  lived  or  had  spent  time 
in  wooded  areas  and  had  removed  an  attached  tick  from  his  or  her  scalp 
4  to  9  days  before  onset  of  fever,  chills,  malaise  and  headache.  All 
had  severe  illnesses,  the  most  prominent  features  of  which  were  fever 
of  104  to  106  F,  severe  frontal  headache,  vomiting  and  appearance  of  a 
maculo-papular  rash  initially  on  arms  and  legs,  including  palms  and 
soles,  and  spreading  to  the  abdomen  and  chest.  In  addition,  one  patient 
had  a  stiff  neck,  muscle  and  joint  pains,  dizziness  and  blurred  vision. 
Following  the  initiation  of  therapy  with  tetracycline  in  one  case  and 
chloramphenicol  in  the  other  2  cases,  there  was  a  drop  in  temperature 
and  marked  clinical  improvement  within  24  to  36  hours. 

The  species  identity  of  the  ticks  removed  from  these  patients  is 
unknown.  The  original  isolation  of  R.  Canada  was  made  from 
H.  leporispalustris  ticks  which  are  not  known  to  attack  man  but  are 
found  primarily  on  rabbits,  small  mammals  and  birds.  The  ticks  found 
in  the  eastern  United  States  that  will  feed  on  man  are  Dermacentor 
variabilis,  the  American  dog  tick,  which  is  considered  the  most  impor¬ 
tant  vector  of  R.  rickettsi  in  the  east;  Amblyomma  americanum,  the  Lone 
Star  tick, which  is  particularly  prevalent  in  the  Fayetteville  area  and 
in  the  south  central  U.  S.;  and  Ixodes  scapularis ,  the  black-legged  tick. 
Like  H.  leporispalustris ,  these  species  are  found  on  rabbits  and  small 
mammals;  in  addition,  A.  americanum  and  I_.  scapularis  also  infest  birds. 
The  simultaneous  feeding  of  several  species  of  tick  on  animals  and  birds 
provides  a  link  for  the  exchange  of  infection  among  the  ticks.  In 
studying  the  parasite-vector-host  relationship  of  R.  Canada,  Burgdorfer 
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reported  that  intracoelomic  injection  of  infectious  yolk  sac  suspensions 
into  adult  H.  leporispalustris  and  I).  andersoni  (the  Rocky  Mountain  wood 
tick)  produced  a  generalized  infection  of  all  tissues  and  the  rickettsia 
was  transmitted  during  feeding  on  susceptible  host  animals.  Furthermore, 
I).  andersoni  larvae  became  infected  by  feeding  on  rickettsemic  meadow 
mice  and  the  infection  was  maintained  transstadially  without  adverse 
effects  on  the  ticks.  Transovarial  transmission  of  R.  Canada  in  a  tick 
species  has  not  been  reported.  A  collaborative  study  has  been  initiated 
with  members  of  the  staff  of  Womack  Army  Hospital  and  the  Preventive 
Medicine  Activity,  Fort  Bragg,  North  Carolina,  to  attempt  recovery  of 
the  rickettsial  agents  causing  disease  in  the  Fayetteville  area  and  to 
obtain  information  about  the  infection  cycle  in  nature. 

b.  Enzootic  Focus  of  a  Member  of  the  Typhus  Group  of  the  Tribe 
Rickettsieae.  In  May  1963,  the  Department  of  Rickettsial  Diseases,  the 
Department  of  Biostatistics,  Walter  Reed  Army  Institute  of  Research, 
the  Department  of  Biology,  Old  Dominion  College,  Norfolk,  Virginia, and 
the  Virginia  State  Department  of  Health  initiated  a  collaborative  eco- 
logic  study  of  Rocky  Mountain  spotted  fever.  (See  Annual  Reports, 

1  Jul  -  30  Jun,  1963-1964,  -1965,  -1966,  -1967.)  Field  and  laboratory 
studies  were  designed  to  provide  coincident  qualitative  information  on 
the  interaction  of  the  different  components  involved  in  the  infection 
cycle;  viz . ,  adult  and  subadult  vector  ticks,  their  vertebrate  hosts 
and  Rickettsia  rickettsi.  For  the  field  investigations  a  60  acre  study 
area,  known  to  be  an  enzootic  focus  of  Rocky  Mountain  spotted  fever, 
was  selected  near  Montpelier,  Virginia.  From  1963  through  1966,  962 
small  and  medium-sized  mammals  representing  14  different  species  were 
live-trapped,  tagged,  bled  for  serum  and  released.  Each  serum  was 
tested  for  the  presence  of  complement-fixing  antibodies  against  Rocky 
Mountain  spotted  fever,  murine  typhus  and  Q  fever.  The  results  of  the 
serologic  studies  on  the  incidence  of  spotted  fever  antibodies  in  the 
animals  were  presented  in  prior  Annual  Reports. 

Not  previously  reported  was  the  presence  of  typhus  group  antibodies 
in  the  sera  of  some  of  the  animals.  Of  31  flying  squirrels  (Glaucomya 
volans)  taken  during  1963-1966,  13  (42?)  had  antibodies  which  fixed  com¬ 
plement  in  the  presence  of  a  soluble  typhus  group-reactive  antigen. 

The  only  other  animals  in  the  study  area  that  had  typhus  group  anti¬ 
bodies  were  1  Pitymys  (pine  vole)  of  14  collected  and  2  of  414  Pero«>»(.we 
(white-footed  mouse) .  Serologic  evidence  of  spotted  fever  Infeition  »«• 
found  In  only  2  of  the  flying  squirrels  and  the  serum  from  these  animals 
was  negative  in  tests  with  the  typhus  group  antigen. 

The  typhus  group  antigen  employed  In  these  ir.i*  -<•»  «  >  IwMe-tpp* 
antigen  prepared  by  ether  extraction  of  an  «nur.n.  suspension  f 
sacs  Infected  with  R.  mooserl .  The  4  units  f  the  antigen  used  m  it* 
tests  detected  maximum  antibody  In  both  murine  typhus  end  epiaemi.  irpa*»e 
iaaune  guinea  pig  sera. 
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R.  mooseri  antigen.  One  animal,  No.  26,  had  essentially  the  same  titer, 
1:16  or  1:32,  with  all  3  antigens.  Squirrels  No.  7  and  No.  17  exhibited 
a  4-fold  greater  titer  with  the  R.  prowazekii  antigen  than  with  the 
R.  canada  antigen,  while  in  animal  No.  21  the  reverse  was  the  case. 

R.  mooseri  antibodies  were  of  low  titer  or  negligible  in  these  animals. 
Spotted  fever  antibodies  were  not  detected  in  any  of  the  sera.  Inter¬ 
pretation  of  the  typhus  group  antibodies  demonstrated  in  the  sera  of 
flying  squirrels  is  not  possible  at  the  present  time.  It  appears,  how¬ 
ever,  that  R.  mooseri  is  not  the  organism  responsible  for  infection  in 
the  area.  The  usual  criterion  for  establishing  a  causal  relationship 
between  the  serologic  response  and  the  etiologic  agent  is  that  antibody 
levels  in  complement  fixation  tests  with  the  homologous  specific  antigen 
are  at  least  4-fold  higher  than  the  titer  with  specific  antigens  pre¬ 
pared  from  the  other  members  of  the  group  of  rickettsiae.  On  this  basis, 
one  could  conclude  that  R.  prowazekii  and  R.  Canada,  or  other  closely 
related  organisms,  are  enzootic  in  the  flying  squirrel  population  in 
Montpelier,  Virginia. 

In  late  July  1968,  an  attempt  was  made  to  recover  the  etiologic 
organlsa(s)  from  the  tissues  of  a  flying  squirrel  trapped  at  the  study 
area.  Serum  collected  2  days  before  the  squirrel  was  sacrificed  had  a 
complement-fixing  antibody  titer  of  1:32  with  the  epidemic  typhus  speci¬ 
fic  antigen  and  1:4  and  1:8  with  the  R.  mooseri  and  R.  canada  antigens, 
respectively.  After  exsanguination  the  brain,  liver  and  Bpleen  were 
removed  aseptlcally.  A  suspension  of  the  tissues  was  Inoculated  into 
the  yolk  sacs  of  ten  7-day  old  embryonated  eggs  and  intraperl toneally 
Into  1  adult  male  guinea  pigs. 

The  eggs  were  candled  daily  and  the  yolk  sac  of  an  embryo  found 
dead  on  the  9th  day  after  inoculation  was  harvested  and  passed  to  another 
group  of  eggs.  No  rlckettsla-llke  organisms  were  observed  in 
Nacchlavello-stainad  smears  of  the  yolk  sac.  No  additional  deaths  of 
embryos  originally  inoculated  occurred.  All  second  passage  embryos 
survived  until  the  12th  day  at  which  time  3  yolk  sacs  of  the  latter 
passage  were  harvested,  smeared  and  passaged  to  a  third  set  of  eggs. 

Nome  of  the  third  passage  embryos  died  and  smears  made  of  4  yolk  sacs 
harvested  on  the  12th  day  were  negative.  The  guinea  pigs  receiving  the 
tissue  sue pens ion  did  not  develop  fever  or  scrotal  reaction  and  serum 
collected  28  days  post  Inoculation  did  not  fix  complement  in  the  presence 
of  the  typhus  or  spotted  fever  group-reactive  antigens. 

Pinal  interpretation  of  the  serologic  results  is  dependent  upon  the 
recovery  of  the  responsible  organism  from  a  naturally  infected  flying 
squirrel.  Future  studies  Include  making  additional  isolation  attempts 
from  animals  trapped  in  the  wild,  as  well  as  following  the  course  of 
infection  and  serologic  response  In  flying  squirrels  experimentally  in¬ 
oculated  with  each  of  the  3  Typhus  Group  rickettsial  strains  and  with 
1.  rlckettsl. 
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3.  Differentiation  of  Primary  and  Secondary  Antibody  Responses  in 
Typhus  Group  Rickettsial  Infections.  The  results  of  investigations  to 
characterize  the  type  of  immunoglobulins  responsible  for  the  serologic 
reactivity  found  in  serial  serum  specimens  from  a  patient  with  murine 
typhus  (RJH)  were  presented  in  prior  Annual  Reports.  Complement  fixa¬ 
tion  and  agglutination  tests  with  a  variety  of  antigens  were  performed 
with  the  whole  specimens  and  with  fractions  collected  after  gel  filtra¬ 
tion  with  Sephadex  G-200.  The  presence  of  IgM,  IgG  and  IgA  in  the  frac¬ 
tions  was  identified  by  agar  double  diffusion  technics.  Complement¬ 
fixing  (CF)  antibodies  detected  with  group-reactive  soluble  antigen  and 
specific  washed  rickettsial  suspensions  were  both  IgM  and  IgG  as  early 
as  13  days  after  onset  of  illness.  IgM  CF  antibodies  persisted  for  more 
than  3  months  but  after  7  3/4  months  the  CF  antibodies  were  IgG.  Agglu¬ 
tinating  antibodies  reacting  with  suspensions  of  Proteus  bacillus  OX^g 
and  Rickettsia  mooseri,  as  well  as  with  erythrocytes  sensitized  with 
rickettsial  antigens  (ESS)  were  only  IgM.  Proteus  0X^9  and  ESS  agglu¬ 
tinins  disappeared  by  90  days,  but  R.  mooseri  agglutinins  were  still 
present  in  the  236th  day  specimen.  Absorption  of  fractions  containing 
antibody  with  specific  anti-immunoglobulin  sera  did  not  reveal  any  sero¬ 
logic  reactivity  attributable  to  IgA. 

Other  workers  have  been  able  to  differentiate,  by  relatively  simple 
serologic  means,  between  primary  epidemic  typhus  and  Brill-Zinsser 
disease  which  is  a  recrudescence  of  a  R.  prowazekii  infection  contracted 
years  earlier.  Employing  complement  fixation,  the  titer  of  serum  speci¬ 
mens  before  and  after  treatment  with  2-mercaptoethanol  or  ethanethiol 
was  determined  in  tests  with  soluble  epidemic  typhus  antigen.  In 
primary  epidemic  typhus  there  was  a  significant  reduction  in  antibody 
titer  caused  by  the  sulfhydryl  reducing  agents  which  was  attributed  to 
dissociation  of  IgM  antibodies.  The  antibodies,  developing  in  Brill- 
Zinsser  disease,  were  only  IgG  and  the  complement-fixing  reactivity  was 
unaffected  by  the  reducing  agents.  Thus,  primary  infection  was  associated 
with  the  appearance  of  antibodies  of  both  the  IgM  and  IgG  classes,  but 
recrudescence  manifested  a  secondary  or  booster-type  response  in  which 
only  IgG  antibodies  were  produced. 

In  the  past,  difficulties  have  been  encountered  in  establishing 
the  etiology  of  Typhus  Group  rickettsial  diseases  in  certain  cases  by 
serologic  means.  When  the  patient  had  been  previously  immunized  with 
epidemic  typhus  vaccine,  complement  fixation  tests  with  specific  antigens 
very  often  wo-ld  not  differentiate  between  murine  typhus  and  epidemic 
typhus.  It  was  postulated  that  R.  mooseri  infection  in  an  individual 
previously  immunized  with  epidemic  typhus  vaccine  would  be  associated 
with  a  primary  antibody  response  characterized  by  the  appearance  of  both 
IgM  and  IgG  antibodies  to  the  specific  antigenic  components  of  R.  mooseri 
shared  with  R.  prowazekii.  Following  an  R.  prowazekii  infection  in  a 
patient  who  had  been  previously  immunized  with  epidemic  typhus  vaccine 
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only  a  secondary  or  booster  response  would  be  expected  and  only  IgG 
antibodies  would  be  produced.  The  study  to  be  reported  here  was  under¬ 
taken  to  determine  if  indirect  immunofluorescence  with  specific 
fluorescein  isothiocyanate  conjugated  (FITC)  anti-human  immunoglobulins 
could  be  used  to  differentiate  primary  and  secondary  antibody  responses 
in  Typhus  Group  rickettsial  diseases  when  the  patient  has  had  prior 
immunologic  experience  by  infection  or  immunization  with  the  same  or  a 
related  member  of  the  group. 

The  method  for  performing  the  indirect  fluorescent  (IF)  antibody 
test  was  the  same  as  has  been  described  in  previous  reports.  The 
acetone-fixed  antigens  employed  were  smears  of  suspensions  of  yolk  sac 
infected  with  either  R.  mooseri,  R.  prowazekii,  or  _R.  Canada,  a  newly 
recognized  member  of  the  Typhus  Group.  The  results  presented  were 
obtained  with  these  antigens.  Attempts  to  increase  the  specificity  of 
the  antibody  activity  in  the  IF  test  with  the  use  of  highly  purified 
washed  rickettsial  suspensions  which  displayed  specific  CF  and  agglu¬ 
tinating  reactivity  were  not  successful.  Indeed,  more  specific  reacti¬ 
vity  was  not  obtained  and  difficulty  was  encountered  in  determining  if 
fluorescence  in  terminal  dilutions  was  due  to  antibody  or  autofluores¬ 
cence  of  the  rickettsiae.  Similar  difficulties  have  been  encountered 
when  other  formalin-inactivated  microorganisms  were  employed  as  antigens. 
Other  efforts  to  increase  the  specificity  of  each  antigen  by  pretreatment 
with  a  pool  of  immune  sera  from  guinea  pigs  Infected  with  the  other  2 
members  of  the  group  were  also  unsuccessful. 

The  IF  titers  of  IgM  and  IgG  antibodies  in  the  patients'  sera 
reacting  with  each  of  the  rickettsial  antigens  were  determined  respec¬ 
tively  with  FITC-labeled  goat  anti-human  IgM  and  anti-human  IgG.  The 
specificity  of  the  anti-immunoglobulins  was  established  by  completely 
blocking  or  markedly  reducing  the  fluorescence  with  a  homologous  un¬ 
conjugated  anti-immunoglobulin  but  not  with  heterologous  unconjugated 
anti-immunoglobulin.  In  addition  the  titers  of  antibodies  were  also 
determined  with  FITC-labeled  horse  anti-human  whole  serum  (ws).  The 
serum  specimens  studied  were  obtained  from  personnel  accidently  Infected 
in  this  and  other  laboratories.  The  etiology  of  each  of  the  illnesses 
was  based  principally  upon  the  occurrence  of  disease  within  2  weeks 
after  known  exposure  to  the  infective  agent. 

The  results  of  IF  tests  on  serial  serum  specimens  obtained  from 
the  patient  (RJH)  with  murine  typhus  described  in  the  introduction  who 
had  not  been  previously  immunized  with  epidemic  typhus  vaccine  are  pre¬ 
sented  in  Table  8.  Previously,  rickettsial  agglutination  tests  and 
complement  fixation  with  specific  washed  corpuscular  antigens  showed 
the  serum  titers  to  be  significantly  higher  with  murine  typhus  antigens 
than  with  epidemic  typhus  antigens.  With  the  exception  that  the  IF 
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TABLE  8.  SUSPECTED  MURINE  TYPHUS  INFECTION  IN  A  PATIENT 
NOT  PREVIOUSLY  DtiUNIZED  WITH  EPIDEMIC  TYPHUS  VACCINE 


INDIRECT  FLUORESCENT  ANTIBODY  TITERS 
ANTIGENS 


PATIENT  R.  HOOSERT  R.  PROWAZEKII  R.  CANADA 

AND  ANTI -GLOBULIN  ANTI -GLOBULIN  ANTI -CLOBULIN 

SPECIMEN  CONJUGATE*  CONJUGATE  CONJUGATE 


I* 

i*c 

WB 

1 HH 

i*c 

wa 

1«M 

i«c 

wa 

(RJH)  pre 

— t 

•  • 

•  • 

•  • 

•  • 

•  • 

•  m 

•  • 

•  • 

11  dd 

160 

160 

640 

160 

160 

640 

160 

160 

160 

13  dd 

2560 

2560 

10240 

2560 

2560 

2560 

640 

640 

2560 

18  dd 

2560 

2560 

10240 

2560 

2560 

2560 

640 

2560 

2560 

30  dd 

640 

2560 

10240 

640 

640 

2560 

640 

640 

640 

58  dd 

640 

640 

2560 

m  m 

640 

640 

•  m 

640 

160 

90  dd 

160 

640 

640 

-- 

640 

640 

•  • 

160 

160 

236  dd 

40 

160 

640 

•  • 

160 

160 

m  m 

160 

160 

1710  dd 

40 

160 

640 

•  a» 

160 

160 

m  m 

40 

160 

*  IgM  ■  FITC- labeled  goat  antl-hianan  IgN 
IgC  •  FITC- labeled  goat  ant  1-huun  IgC 
ws  ■  FITC -labeled  hotae  antl-htaaan  whole  serum 
t  Negative  with  an  Initial  1:10  dilution 
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titers  with  the  R.  cenede  antigen  were  somewhat  lower  than  with  other 
antigens,  there  were  no  significant  diffarancaa  among  the  levels  of 
antibody  reacting  with  the  3  different  antigens  and  tha  corresponding 
anti-globulin  conjugates.  Significant  differences  were  not  encountered 
until  38  days  a?  er  the  onset  of  illness  when  only  R .  moose rl  IgM  anti¬ 
bodies  were  demonstrable.  It  was  noteworthy  that  this  specific  IgM 
reactivity  was  still  demonstrable  more  than  4  years  later. 

The  IF  antibody  responses  after  murine  typhus  infection  Is  patients 
having  been  Inoculated  with  epidemic  typhus  vaccine  within  the  preceding 
1  1/2  years  are  shown  in  Table  9.  Tha  success  of  lamunlaatlon,  deter¬ 
mined  by  the  development  of  antibodies  poet  vaccination,  was  not  known 
in  any  of  the  cases.  However,  in  no  Instance  wee  IF  antibody  to  any 
meaner  of  the  Typhus  Croup  detected  in  sera  collected  prior  to  onset  of 
dleeaae.  In  the  first  case,  (RFF)  the  titers  of  R.  moose rl  IgM  anti¬ 
bodies  were  consistently  higher  than  the  corresponding  antibodies  react¬ 
ing  with  R.  prowatek 1 1  and  R.  Canada.  There  was  no  apparent  dec'*  Ins  in 
the  level  of  IgM  rickettsial  antibodies  in  the  third  month  as  was  seen 
with  the  previous  case  (RJH).  An  Intercurrent  spotted  fever  lnfectloo 
which  occurred  46  days  after  the  onset  of  the  murine  typhus  infection 
probably  complicated  the  antibody  respooee.  The  second  case  illustrates 
a  different  pattern  of  antibody  reactivity.  The  levels  of  R.  moose rl 
IgM  and  R.  prowaaekll  antibodies  were  the  same  and  only  low  titers  o7 
R.  Canada  IgM  antibody  were  found.  IgM  eatlbodiee  again  declined  after 
the  third  month  and  in  the  220th  day  specimen  the  R.  mooserl  IgM  anti¬ 
bodies  were  only  4-fold  greater  than  the  other  corresponding  antibodies. 

The  consistently  higher  R.  prowaaekll  IgC  antibody  may  be  indicative  of 
a  booster  response  caused  by  the  current  infection. 

When  murine  typhus  developed  in  patients  who  had  demonstrable  anti¬ 
bodies  resulting  from  prior  successful  immunisation  with  epidemic  typhus 
vaccine,  IgM  antibodies  were  not  produced.  (See  Table  10.)  Mlgher 
levels  of  IgC  antibodies,  which  did  develop,  were  detected  with  the 
K.  prowsaekii  antigen  than  with  the  other  2  antigens  in  the  first  case 
?RW4 .  In  the  second  case  (CUf)  the  levels  of  R.  moose ri  end  R.  iprovasskl  1 
IgC  antibody  vers  the  same.  Information  about  the  relationship  of  tke 
serum  spec  lawns  to  the  day  of  disease  was  not  aval labia  for  this  csss. 

Roth  patients  manifested  only  low  levels  of  antibodies  reacting  with 
R.  Canada. 


IgM  ant  lbodles  were  not  produced  lo  a  patient  who  developed  epidemic 
typhus  In  spite  of  successful  prior  laanm  last  ion.  (See  Table  11.)  The 
general  predominance  of  the  levels  of  the  R.  prowaaekll  IgC  antibody 
over  the  R.  mooserl  antibody  in  this  case  TrF)  Is  similar  to  the  reepons 
observed  in  the  case  (RMH)  which  also  had  demonstrable  antibodies  follow¬ 
ing  epidemic  typhus  1 Munltat loo  but  contracted  murine  typhus.  However, 
In  case  RF,  significant  activity  was  detected  with  the  R.  Canada  antigen. 


TABLE  9.  SUSPECTED  MURINE  TYPHUS  INFECTION  IN  PATIENTS 
PREVIOUSLY  IMMUNIZED  WITH  EPIDEMIC  TYPHUS  VACCINE 


INDIRECT  FLUORESCENT  ANTIBODY  TITERS 


PATIENT 

R. 

MOOSERI 

R. 

ANTIGENS 

FROWAZEKII 

R. 

CANADA 

AND 

ANTI -GLOBULIN 

ANTI-GLOBULIN 

ANTI' 

-GLOBULIN 

SPECIMENS 

CONJUGATE* 

CONJUGATE 

CONJUGATE 

IgM 

IgG 

ws 

IgM 

IgG 

WS 

IgM 

IgG 

ws 

(RFP)  pre 

— t 

-- 

•  • 

-- 

-- 

•  • 

-  - 

-  - 

-- 

4  dd 

-- 

-- 

— 

— 

— 

-- 

-- 

-- 

-- 

10  dd 

160 

160 

160 

160 

160 

160 

40 

40 

160 

17  dd 

640 

2560 

2560 

160 

2560 

2560 

160 

160 

640 

24  dd 

640 

640 

640 

160 

640 

640 

40 

160 

160 

31  dd 

640 

640 

640 

160 

160 

640 

40 

160 

160 

34  dd 

640 

640 

2560 

640 

640 

640 

40 

160 

160 

59  ddtt 

640 

2560 

2560 

160 

2560 

2560 

40 

640 

640 

76  dd 

640 

2560 

640 

160 

2360 

640 

160 

640 

2560 

213  dd 

640 

2560 

640 

160 

640 

640 

40 

160 

160 

(WJ«)  pre 

m  m 

as  m 

as  • 

•  - 

•  • 

•  • 

-  - 

2  dd 

10 

10 

10 

-- 

160 

160 

-- 

— 

-- 

10  dd 

160 

160 

160 

40 

640 

640 

10 

40 

40 

14  dd 

160 

160 

160 

160 

640 

640 

10 

40 

40 

21  dd 

160 

160 

640 

160 

640 

640 

10 

10 

40 

31  dd 

160 

160 

160 

160 

640 

640 

10 

10 

40 

38  dd 

160 

160 

160 

160 

640 

640 

-- 

10 

40 

52  dd 

160 

640 

640 

160 

640 

640 

40 

40 

40 

220  dd 

40 

160 

160 

10 

640 

160 

10 

40 

40 

(TFi)  pre 

.. 

•  • 

as  m 

as  as 

-- 

-- 

-- 

-- 

-- 

1  dd 

•  m 

•  m 

— 

•  m 

-- 

-- 

-- 

-- 

-- 

8  dd 

10 

10 

40 

10 

10 

40 

10 

-- 

40 

11  dd 

160 

40 

160 

160 

40 

160 

160 

40 

160 

15  dd 

160 

160 

640 

640 

160 

640 

160 

40 

160 

24  dd 

160 

160 

160 

160 

160 

160 

160 

40 

160 

*  lj0t  •  FITC- labeled  goat  ant l- human  IgM 
lgC  •  FITC- labeled  goat  antl-hunan  IgC 

ws  -  FITC- 1  a be  1 ed  Horae  antl-hunan  whole  serum 

*  negative  with  an  Initial  1:10  dilution 

*  t  Corresponds  to  13th  day  od  disease  caused  by  Sported  Fever  Group 

Inf  set  Ion 


TABLE  10.  SUSPECTED  MURINE  TYPHUS  INFECTION  IN  PATIENTS 
PREVIOUSLY  IMMUNIZED  WITH  EPIDEMIC  TYPHUS  VACCINE 


INDIRECT  FLUORESCENT  ANTIBODY  TITERS 
ANTIGENS 


PATIENT  R.  MOOSERI  R.  PROWAZEKII  R.  CANADA 

AND  ANTI-GLOBULIN  ANTI-GLOBULIN  ANTI -GLOBULIN 

SPECIMENS  CONJUGATE*  CONJUGATE  CONJUGATE 


IgM 

IgG 

ws 

IgM 

IgG 

ws 

IgM 

IgG 

ws 

(RNM)  pre 

10 

10 

-  - 

640 

640 

__ 

10 

10 

3  dd 

-- 

40 

40 

-- 

160 

160 

-- 

10 

10 

10  dd 

-- 

640 

640 

-- 

2560 

2560 

-  - 

10 

10 

14  dd 

-- 

640 

640 

-- 

2560 

2560 

-- 

10 

10 

21  dd 

— 

640 

640 

2560 

2560 

10 

10 

31  dd 

-- 

10240 

640 

-- 

10240 

10240 

-- 

40 

10 

35  dd 

-- 

2560 

640 

— 

2560 

2560 

-- 

40 

40 

49  dd 

— 

2560 

640 

-- 

10240 

2560 

»  •• 

40 

40 

66  dd 

— 

640 

640 

-- 

10240 

2560 

-- 

40 

40 

91  dd 

-- 

640 

640 

— 

2560 

2560 

— 

40 

40 

(CLW)  pre 

40 

10 

__ 

40 

40 

•  _ 

21  Jun  50 

-- 

160 

40 

— 

160 

160 

«•  m 

-- 

-- 

26  Jun  50 

— 

640 

160 

-- 

64C 

640 

-- 

10 

10 

5  Jul  50 

-- 

640 

640 

640 

640 

m  m 

40 

10 

22  Sep  50 

— 

640 

160 

-- 

640 

640 

-- 

10 

10 

13  Nov  50 

— 

160 

160 

— 

640 

640 

-  - 

10 

10 

*  IgM  ■  FITC-labeled  goat  anti-human  IgM 
IgG  ■  FITC-labeled  goat  anti-human  IgG 
ws  ■  FITC-labeled  horse  anti-human  whole  serum 
t  Neagative  with  an  initial  1:10  dilution 
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TABLE  11.  SUSPECTED  EPIDEMIC  TYPHUS  INFECTION  IN  A  PATIENT 
PREVIOUSLY  IMMUNIZED  WITH  EPIDEMIC  TYPHUS  VACCINE 

INDIRECT  FLUORESCENT  ANTIBODY  TITERS 


ANTIGENS 


PATIENT 

R.  MOOSERI 

R. 

PROWAZFKII 

R. 

CANADA 

AND 

ANTI -GLOBULIN 

ANTI -GLOBULIN 

ANTI 

-GLOBULIN 

SPECIMENS 

CONJUGATE* 

CONJUGATE 

CONJUGATE 

IgM  IgG 

ws 

IgM 

I«G 

ws 

IgM 

IgG 

ws 

(RP)  pre 

— ■ t  10 

40 

.  - 

40 

40 

-  . 

.  . 

.  . 

1  dd 

--  2560 

2560 

-- 

2560 

2560 

-- 

40 

40 

3  dd 

--  10240 

2560 

10240 

10240 

-- 

160 

160 

4  dd 

--  10240 

10240 

-- 

40960 

10240 

-- 

640 

640 

9  dd 

--  10240 

10240 

40960 

40960 

640 

640 

15  dd 

--  2560 

2560 

-- 

40960 

40960 

-- 

640 

640 

668  dd 

o 

1 

1 

40 

— 

160 

160 

-- 

40 

40 

*  IgM  - 

FITC-labeled  goat  anti- 

human 

IgM 

IgG  - 

FITC- labeled  goat  anti- 

human 

IgG 

ws  » 
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It  was  evident  from  these  data  that  the  close  relationships  between 
the  surface  antigens  of  R.  aooseri  and  R.  prowazekii,  and  the  sensitivity 
of  the  indirect  immunof luorescent  technic,  made  it  impossible  in  almost 
all  instances,  to  identify  the  etiologic  agent  on  the  basis  of  the  IF 
antibody  response.  The  antigenic  composition  of  R.  Canada  was  suffici¬ 
ently  different  that  it  could  have  been  excluded  as  the  cause  of  disease 
in  all  cases.  Indeed,  when  the  human  host  had  been  successfully  immu¬ 
nized  with  epidemic  typhus  vaccine,  and  then  was  infected  with  murine 
typhus,  antigenic  differences  were  not  recognized.  The  antibody  response 
resembled  a  secondary  or  booster  reaction  with  the  production  of  only 
IgG  antibodies. 


4.  Effects  of  Newer  Antimicrobials  on  Rickettsiae.  In  the  WRAIR 
Annual  Report  (1  Jul  67-30  Jun  681  a  preliminary  report  was  made  of 
Investigations  to  determine  if  any  of  the  more  recently  developed  anti¬ 
biotics  had  a  rickettsiocldal  effect.  There  has  been  little  effort  on 
the  part  of  the  pharmaceutical  Industry  to  Improve  upon  chloramphenicol 
and  the  tetracyclines  for  the  treatawnt  of  rickettsial  diseases.  Anti¬ 
microbials  are  needed  that  could  prevent  the  high  relapse  rate  that 
occurs  in  certain  rickettsial  diseases  when  treatment  is  initiated  early 
in  the  course  of  disease  and  terminated  after  the  patient  has  been 
afebrile  for  48  to  72  hours.  Rickettsiocldal  drugs  might  also  prevent 
the  development  of  latent  infections  in  epidemic  typhus  and  thus  elimin¬ 
ate  the  presuattd  major  interepidemic  reservoir  of  this  disease.  The 
primary  purpose  of  the  study  to  be  reported  was  to  identify  antibiotics 
which  had  a  direct  effect  on  rlckettslae  and  secondly,  to  evaluate  the 
anti-rickettsial  activity  of  classes  of  antibiotics  not  previously  tested 
for  this  effect.  Since  scrub  typhus  is  the  most  important  military 
rickettsial  disease  problem  at  this  time,  strains  of  Rickettsia 
tsutsugamushl  were  employed. 

The  details  of  the  in  vitro  and  in  vivo  test  procedures  used  in  the 
study  were  described  last  year.  Briefly,  in  the  in  vitro  method  yolk 
sac  suspensions  of  the  Karp  strain  of  R.  tsutsugamushl  diluted  in  Snyder  I 
diluent  to  a  concentration  of  1:100  were  Incubated  with  10,  50  or  250 
mlcrograms/ml  of  the  antibiotic  for  2  hours  at  37  C.  Under  these  condi¬ 
tions  the  rlckettslae  are  known  to  continue  certain  enzyme  activities, 
although  the  full  state  of  metabolic  function  is  not  known.  After  incu¬ 
bation,  serial  10-fold  dilutions  of  the  suspensions  with  antibiotic  as 
well  as  the  control  suspensions  without  antibiotic  incubated  under  the 
6ame  conditions,  were  prepared;  and  0.2  ml  aliquots  of  each  dilution 
were  inoculated  into  six  14  to  18  gram  white  mice.  The  mouse  LDjq  titers 
were  calculated  after  28  days.  The  control  suspensions  usually  contained 
between  10?‘3  and  10®*  ^  mouse  LOso*  Antibiotics  having  a  direct  antl- 
rlckettsial  effect  caused  a  significant  reduction  in  the  LD50  titer  of 
the  Karp  suspension. 
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The  in  vivo  tests  were  identical  to  those  employed  previously  by 
Smadel  £t^  al.  (J_.  Immunol .  57^273,1947) .  Sets  of  eleven  6-day  old 
embryonated  hens'  eggs  were  injected  with  0.2  ml  of  each  of  the  desired 
concentrations  of  the  antibiotics  under  study.  Doses  of  antibiotics 
tested  ranged  from  3.9  to  500  micrograms  per  egg  in  2-fold  increments. 
Within  20  minutes  after  inoculation  of  the  antibiotic  all  test  eggs  were 
injected  with  0.2  ml  of  a  yolk  sac  suspension  of  the  Gilliam  strain  of 
R.  tsutsugamushi  diluted  to  1:100  with  Snyder  I  diluent.  Appropriate 
infectivity  and  drug  toxicity  controls  were  included  in  each  trial.  All 
eggs  were  incubated  at  35  C  and  candled  daily.  Any  egg  dying  within  the 
first  48  hours  was  discarded  and  the  mean  day  of  death  of  the  remaining 
embryos  was  calculated.  The  usual  time  of  death  of  the  infected  control 
eggs  without  antibiotic  was  7.4  days. 

In  the  in  vitro  test  a  drug  was  considered  to  have  an  anti- 
rlckettsial  effect  if  it  effected  a  100-fold  or  more  reduction  in  the 
mouse  LD50  titer  of  the  Karp  seed  material.  In  the  i_n  vivo  system,  the 
efficacy  of  an  antimicrobial  on  the  growth  of  Gilliam  strain  rickettsiae 
was  considered  significant  if  the  mean  day  of  death  of  the  drug-treated 
eggs  was  extended  2  or  more  days  beyond  the  infected  control  eggs  with¬ 
out  antibiotic. 

A  list  of  the  antibiotics  that  have  been  tested  and  the  minimal 
dose  that  reduced  the  mouse  Infectivity  titer  of  the  Karp  seed  suspen¬ 
sion  or  significantly  prolonged  the  life  of  embryos  Infected  with  the 
Gilliam  strain  are  presented  in  Table  12.  The  anti-rickettsial  activity 
of  tetracycline,  oxytetracycline  and  chlortetracycline  on  experimental 
Infections  in  laboratory  hosts  and  the  value  of  these  antibiotics  in  the 
treatment  of  rickettsial  diseases  of  man  has  been  well  documented.  As 
expected,  the  newer  tetracycline  analogs  also  exhibited  anti-rickettsial 
activity.  On  a  weight  basis,  doxycycline  was  slightly  more  potent  in 
the  in  vivo  assay  system,  while  chlortetracycline  and  methacycline  were 
more  effective  ir.  the  iji  vitro  system. 

Neither  penicillin  G  nor  the  2  "broad  spectrum"  synthetic  penicil¬ 
lins  displayed  significant  anti-rickettsial  properties  at  the  concentra¬ 
tions  tested. 

Chloramphenicol  is  of  value  as  a  prophylactic  drug  in  animals 
experimentally  infected  with  R.  tsutsugamushi  and  in  man  infected  with 
scrub  typhus  by  exposure  in  the  field  under  controlled  conditions.  It 
has  been  well  established  that  it  is  a  rickettsiostatic  drug  rather  than 
rickettsiocidal .  Cetophenlcol,  an  analog  of  chloramphenicol,  displayed 
similar  activity;  i.e.,  it  was  relatively  efficacious  in  the  living 
system  but  had  no  activity  in  the  in  vitro  mouse  assay  test. 
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TABLE  12.  MINIMALLY  ACTIVE  DOSES  (MICKOCRAMS)  OF  CERTAIN  ANTIMICROBIALS 


CLASSES 

ANTIBIOTICS 

IN  VITRO* 

IN  VIVO** 

Tetracycline 

SO 

•  ** 

Oxy tetracycline 

50 

15.6 

TETRACYCLINES 

Chlor  te  t rscyc) lne 

10 

15.6 

Doxy eye line 

50 

7.8 

Rolltetracycllne 

50 

15.6 

Methacycllne 

10 

— 

Penicillin  C 

NSA  (250)**** 

PENICILLINS 

Amplclllln  (Polyclllln) 

NSA  (250) 

NSA  (500) 

Hetaclllln 

NSA  (250) 

NSA  (500) 

CHLORAMPHENICOLS 

Chloramphenicol 

250 

Cetophenlcol 

NSA  (250) 

62.5 

Erythromycin 

250 

62.5 

MACROLIDES 

Amphosiycln 

NSA  (250) 

— 

Novobiocin 

250 

— 

NEOMYCIN-KANAMYCIN 

Neomycin 

NSA  (250) 

_ 

CROUP 

Paromomycin 

NSA  (250) 

— 

Kanamycln 

NSA  (250) 

— 

CEPHALOSPORINS 

Cephalorldlne 

NSA  (250) 

— 

POLYMYXIN  POLYPEPTIDES 

Polymyxin 

10 

— 

ANTI-TUBERCULOUS 

ACENTS 

Isonlazld 

NSA  (250) 

Vlomycln 

Ethionamide 

50 

NSA  (250) 

— 

ANTI-FUNGAL  ACENTS 

Grlseofulvln 

NSA  (250) 

— 

Amantadine 

NSA  (250) 

NSA  (500) 

ANTI-VIRAL  ACENTS 

Idoxurldlne 

NSA  (250) 

NSA  (500) 

Methlsazone 

NSA  (250) 

NSA  (500) 

*  Smallest  dose  of  antibiotic  (mcg/ad)  tested  which  reduced  lnfectlvlty 
of  acrub  typhus  suspension  100-fold  or  more. 

'*  Smallest  dose  of  antibiotic  (mcg/cgg)  tested  which  prolonged  mean 
survival  time  of  Infected  eggs  2  or  more  days. 

*  Not  tested. 

*  No  significant  activity  (highest  dose  tested). 
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Among  the  macrolides,  erythromycin  and  novobiocin  had  In  vitro 
anti-rickettsial  activity  at  the  highest  dose  tested  (250  meg)  and  the 
former,  at  62.5  meg/egg,  significantly  prolonged  the  survival  time  of 
Gilliam-infected  eggs. 

Except  for  polymyxin  and  the  anti-tuberculous  drug,  viomycln,  which 
exhibited  some  in  vitro  rickettslocldal  activity,  none  of  the  other 
antimicrobials;  viz . ,  neomycin,  kanamycin,  cephalorldlne,  grlseofulvln, 
the  antiviral  and  other  anti-tuberculous  agents  had  an  antl-rlckettslal 
effect  over  the  range  tested. 

Results  of  current  tests  to  compare  the  efficacy  of  a  number  of 
the  never  antibiotics  on  the  iri  vitro  and  in  vivo  effect  on  scrub  typhus 
rickettsiae  indicated  that  none  had  anti-rickettsial  activity  comparable 
to  or  greater  than  the  tetracyclines  and  chloramphenicol. 


5.  Recovery  of  Chlamydial  Agents  from  Thailand.  In  the  course  of 
studies  being  conducted  by  the  Thai  Component,  SEATO  Medical  Laboratory, 
Bangkok,  to  investigate  the  presence  and  extent  of  rickettsial  diseases 
in  Thailand,  an  agent  which  was  highly  lethal  for  mice  was  recovered 
from  the  blood  of  a  hill  tribe  boy  who  had  an  influenza-like  illness 
accompanied  with  a  rash.  The  agent,  designated  TH4043,  was  Identified 
ns  a  chlamydia  by  complement  fixation  tests. 

Currently,  the  genus  Chlamydia  is  divided  into  Croup  A  and  Group  B. 
The  former  group  includes  the  etlologic  agents  of  trachoma,  inclusion 
conjunctivitis,  lymphogranulosta  venereum  and  okjusc  pneumonitis.  These 
agents  form  compact  round  or  oval  lntracytoplasmlc  inclusions  or  micro- 
colonies  which  produce  glycogen  and  are  sensitive  to  sulfadiazine. 

Within  Croup  B  are  the  agents  of  psittacosis,  menlngopneumonltls,  feline 
and  human  pneumonitis,  bovine  and  guinea  pig  conjunctivitis  and  avian- 
derived  strains.  These  latter  organisms  produce  diffuse  lntracytoplasmlc 
inclusions,  do  not  produce  glycogen,  and  are  sulfadiazine  insensitive. 

Preliminary  studies  on  the  agent  recovered  in  Thailand  indicated 
that  it  belonged  to  the  B  group  of  Chlamydia.  (See  Annual  Report, 

1  Jul  67-30  Jun  68.) 

Table  13  summarizes  the  results  of  the  tests  done  for  final  group 
identification  of  TH4043.  Included  in  the  studies  were  strains  of 
lymphogranuloma  venereum  (LGV)  and  ornithosis  to  serve  as  Croup  A  and 
Group  B  controls,  respectively. 

Cover  slip  cultures  of  14pf  cells  were  Infected  with  about  10^  egg 
LD50  of  infected  yolk  sac  seed  material  of  each  agent.  At  24,  40,  48 
and  72  hours  after  infection,  duplicate  cover  slips  containing  Infected 
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tabu:  1).  CROUP  IDENTIFICATION  OK  A  CHLAMYDIAL  AGENT 
CAUSING  HUMAN  DISEASE  IN  THAILAND 


IMLKt 

tan 

CtOVTH  IN  CELL  CULTURES* 

TYrt  OF  CLYCOCEN 

INCLUSION  PRODUCED 

SENSITIVITY  TO  SULFADIAZINE 
ECC  LOC  I.D50  TITER 

WITH 

SULFADIAZINE  NO  DRUG 

(1  mg/egg)  (CONTROL) 

l inuloM 

* 

v*m  reui 

Compact 

Y«a 

2.7 

7.7 

(JH  atuln) 

| 

OnllNutl  * 

Did  u«* 

No 

7.7 

7.7 

(PA  Itulo) 

moo 

D1  dusr 

No 

8.9 

9.1 

• 

i*ri  1 1 m  •(  tuiul 

lal  (INroblaata 

cells  as  well  as  cover  slips  of  uninfected  cells  were  removed.  One  set 
was  stained  with  Macchiavello's  stain  and  the  other  set  was  fixed  in 
methanol  and  then  immersed  in  a  mixture  of  iodine  and  potassium  iodide 
which  stains  glycogen.  Examination  of  the  Macchiavello-stained  cells 
revealed  compact  round  or  oval  intracytoplasmic  microcolonies  of  elemen¬ 
tary  bodies  and  larger  reticular  inclusions  in  the  LGV-infected  cells, 
while  the  ornithosis  and  TH4043  inclusions  were  much  more  diffuse. 

The  formation  of  glycogen  by  chlamydiae  is  a  transient  phenomenon 
that  occurs  from  the  first  through  the  third  day  of  growth.  Intracyto¬ 
plasmic  clusters  of  chlamydiae,  containing  glycogen,  appear  brown 
against  a  light  tan  background,  while  non-glycogen-forming  microcolonies 
are  indistinguishable  from  other  cellular  material. 

In  observing  the  above  infected  and  uninfected  cultures,  no  differ¬ 
ences  were  noted  between  the  cells  infected  with  ornithosis,  TH4043  and 
the  uninfected  control  cultures.  Cells  infected  with  LGV,  however,  con¬ 
tained  large  dark  brown  glycogen-stained  inclusions. 

For  purposes  of  taxonomic  differentiation,  susceptibility  to  sulfa¬ 
diazine  is  defined  as  a  100-fold  or  more  reduction  in  the  egg  LD50  titer 
of  a  suspension  of  chlamydiae  containing  10&  LD50  or  more.  The  results 
of  the  comparative  titrations  in  embryonated  eggs  of  the  LGV,  ornithosis 
and  TH4043  seed  suspensions  in  the  presence  of  1  mg/egg  of  sulfadiazine 
and  without  drug  are  shown  in  Table  13.  There  was  essentially  no  dif¬ 
ference  in  titer  of  the  ornithosis  and  TH4043  seed  material  in  the 
sulfadiazine-treated  eggs  as  compared  to  the  titers  obtained  in  the  un¬ 
treated  eggs,  indicating  that  these  agents  are  insensitive  to  sulfa¬ 
diazine.  On  the  other  hand,  LGV  was  markedly  inhibited  by  the  drug; 
i.e.,  there  was  > 100,000-fold  decrease  in  titer  in  the  presence  of  sulfa¬ 
diazine. 

The  findings  of  insensitivity  of  the  TH4043  agent  to  sulfadiazine 
and  failure  to  produce  glycogen  in  diffuse  intracytoplasmic  microcolonies 
indicate  that  the  organism  belongs  to  the  B  group  of  psittacosis-type 
agents. 

In  June  1968  another  agent  (TH5000)  which  could  not  be  identified 
as  a  rickettsia  and  failed  to  grow  on  bacteriologic  media  was  recovered 
from  a  patient  from  Prachin  province  in  eastern  Thailand.  The  Thai  male 
patient,  who  was  about  60  years  old,  went  to  the  hospital  with  the  chief 
complaint  of  having  had  fever  for  8  days.  An  eschar  was  observed  on  the 
right  buttock  and  there  was  enlargement  of  the  regional  lymph  glands. 

A  rash  or  other  abnormal  findings  were  not  noted.  The  patient  responded 
satisfactorily  upon  chloramphenicol  therapy.  Complement  fixation  tests 
with  acute  and  convalescent  phase  sera  with  typhus  and  spotted  fever 
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group  antigens  and  Q  fever  antigen  as  well  as  the  indirect  fluorescent 
antibody  test  for  scrub  typhus  were  negative.  Mice  inoculated  with  the 
patient's  blood  became  ill  on  the  9th  day.  On  autopsy,  peritoneal 
fluid  was  sticky  and  stained  smears  ccntained  numerous  intracytoplasmic 
chlamydia-like  organisms . 

In  late  August  1968,  spleens  from  the  5th  mouse  passage  were  sent 
to  the  Department  of  Rickettsial  Diseases  for  identification.  A  suspen¬ 
sion  of  the  mouse  spleens  received  at  WRA1R  was  Inoculated  into  yolk  sacs 
of  embryonated  eggs  and  intraperitoneally  into  mice  and  guinea  pigs. 

The  yolk  sacs  of  2  embryos  dead  on  the  6th  day  were  passaged  to  addition¬ 
al  eggs.  Smears  of  the  yolk  sac  membranes,  stained  with  Macchiavello 
stain,  contained  numerous  red  elementary  bodies.  The  mice  were  sacri¬ 
ficed  on  the  5th  day  when  they  were  lethargic  and  had  ruffled  fur. 
Examination  of  Glemsa-stained  smears  of  the  spleens  revealed  elementary 
bodies  as  well  as  larger  intracytoplasmic  inclusions.  None  of  the 
guinea  pigs  developed  fever  (£  104  F) ,  but  they  did  exhibit  a  scrotal 
reaction  which  persisted  from  the  3rd  to  the  8th  day.  They  were  exsan¬ 
guinated  28  days  after  inoculation  to  obtain  convalescent  serum. 

A  complement-fixing  antigen  prepared  from  a  suspension  of  infected 
yolk  sacs  by  repeated  centrifugation  and  resuspension  of  the  elementary 
bodies  in  0.5  M  KC1  and  then  ether  extraction  titered  1:128  with  2-4 
units  of  a  psittacosis  convalescent  human  serum  pool,  a  lymphogranuloma 
venereum  control  serum  and  a  TH4043  guinea  pig  antiserum.  Similarly, 
TH5000  and  TH4043  immune  mouse  and  guinea  pig  sera  fixed  complement  in 
the  presence  of  TH5000  and  TH4043  antigens. 

Preliminary  studies  on  the  group  identification  of  TH5000  indicate 
that  it,  like  TH4043,  is  a  psittacosis-like  agent  belonging  to  the  B 
group  of  Chlamydia.  Cover  slip  cultures  of  14pf  cells  Infected  with 
TH5000  and  stained  with  iodine  failed  to  show  the  presence  of  dark 
brown  glycogen  producing  plaques. 


Summary  and  Conclusions. 

1.  Scrub  Typhus  Vaccine  Development. 

a.  Studies  have  continued  on  5  strains  of  R.  tsutsugamushi  recovered 
in  Thailand  which  are  antigenically  distinctive  from  the  established 
prototype  Gilliam,  Karp  and  Kato  strains.  Two  or  3  different  lines  of 
each  strain  have  been  carried  through  8  to  10  additional  passages  in 
order  to  better  adapt  these  agents  to  cultivation  in  embryonated  eggs, 
but  there  has  been  very  little  consistent  improvement  in  the  growth  of 
any  of  the  Thai  strains.  Inoculation  of  the  eggs  with  cortisone  or 
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sulfadiazine,  which  have  been  reported  to  increase  infectivity  titers  of 
other  groups  of  Rlckettsleae,  did  not  improve  the  yield  of  scrub  typhus 
rickettsiae. 

b.  A  number  of  physico-chemical  procedures  which  have  been  success¬ 
ful  in  other  types  of  molecular  separations  were  evaluated  in  an  attempt 
to  eliminate  host  material  and  recover  a  significant  asmunt  of  scrub 
typhus  antigen.  The  Kato  strain  was  selected  for  these  studies  because 
it  has  been  the  least  satisfactory  of  the  3  original  prototype  strains 
for  preparing  compleamnt-f lxing  antigens.  The  technice  employed  Included 
density  gradient  centrifugation  and  phase  partition  with  aqueous-organic 
and  polymer  systems.  Although  much  Information  has  been  gained  on  the 
intrinsic  properties  of  the  Kato  strain,  none  of  the  procedures  employed 
was  wholly  successful  in  producing  highly  concentrated  suspensions  of 
rickettsiae  free  of  contaminating  host  material. 


2.  Rickettsia  Canada ;  A  New  Member  of  the  Typhus  Group. 

a.  Serologic  evidence  has  been  obtained  that  the  etiology  of  severe 
febrile  illnesses  in  4  patients  was  caused  by  R.  Canada .  a  new  species 
belonging  to  the  Typhus  Group  Of  Rlckettsleae.  Complement  fixation  tests 
with  soluble  spotted  fever  antigens  and  group-reactive  and  specific 
antigens  prepared  with  members  of  the  Typhus  Croup  established  the 
causal  relationship.  Three  of  the  patients  had  sustained  a  tick  bite 
and  all  of  them  had  clinical  histories  Indistinguishable  from  that  ob¬ 
served  in  Rocky  Mountain  spotted  fever.  The  finding  of  R.  Canada  anti¬ 
bodies  in  the  convalescent  sera  of  these  patients  can  be  considered 

only  presumptive  evidence  that  this  new  species  of  rlckettsla  has  caused 
severe  illness  in  man.  However,  the  serologic  evidence  Is  sufficiently 
unusual  to  justify  alerting  physicians  and  laboratory  personnel  who  are 
concerned  with  providing  serologic  diagnoses  to  the  possible  existence 
of  a  previously  unrecognised  rickettsial  disease  in  the  United  States. 

b.  Thirteen  of  31  flying  squirrels  trapped  at  the  Rocky  Mountain 
spotted  fever  Study  Area  near  Montpelier,  Virginia  during  1963-1966  had 
antibodies  which  fixed  complement  In  the  presence  of  a  soluble  group- 
reactive  typhus  antigen.  The  Isolation  of  R.  Canada  and  the  recently 
published  reports  that  ticks  and  domestic  animals  in  Ethiopia  and  Egypt 
may  be  reservoirs  of  R.  prowasekll  prompted  a  reevaluation  of  the  eco- 
loglc  significance  of  typhus  group  antibodies  In  the  sera  of  flying 
squirrels.  Between  March  and  July  1966,  16  flying  squirrels  were  llve- 
trapped,  bled  and  released.  On  the  basis  of  the  results  of  CF  tests  on 
sera  employing  a  group-reactive  typhus  antigen,  and  specific  antigens 

for  R.  provazek.ll ,  R.  mooserl  and  R.  Canada,  It  appears  that  R.  prowatekll 
and  R.  Canada,  or  other  closely  related  organisms  are  enxootlc  In  the 
flying  squirrel  population. 
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3.  Fluorescein  lsothlocyenate  conjugated  anti-human  IgM  and  IgG  goat 
sera  and  antigens  prepared  from  suspenalons  of  yolk  sacs  Infected  with 
R .  mooseri .  R.  prowatekll  and  R.  Canada  were  used  to  study  the  IF  anti¬ 
body  responses  of  patients  Infected  with  membe.s  of  the  Typhus  Group. 
Primary  antibody  responses  characterised  by  the  developawnt  of  both  IgH 
and  IgG  antibodies  were  demonstrated  when  murine  typhus  was  contracted 
by  Individuals  who  had  been  Inoculated  with  epidemic  typhus  vaccine  but 
did  not  have  detectable  levels  of  antibody  prior  to  Infection.  Soma  of 
these  responses  were  not  appreciably  different  from  that  seen  In  a 
patient  with  murine  typhus  who  had  never  been  vaccinated.  When  murine 
typhus  or  epidemic  typhus  occurred  in  patients  who  had  levels  of  circu¬ 
lating  antibody  from  previous  epidemic  typhus  vaccination,  a  secondary 
or  booster  antibody  response  was  observed.  Only  IgG  antibodies  were 
produced.  Because  of  the  close  relationship  between  the  surface  antigens 
of  I.  mooserl  and  R.  prowasekll ,  and  the  sensitivity  of  the  lMunof luores- 
cent  technic.  It  was  not  possible  In  most  of  the  cases  to  Identify  the 
etlologlc  agent  causing  the  disease. 


4.  Results  of  current  tests  to  compare  the  efficacy  of  a  number  of  the 
newer  antibiotics  on  the  In  vitro  and  In  vivo  effect  on  scrub  typhus 
rlckettslae  Indicated  that  none  had  ant 1-rlckettslal  activity  comparable 
to  or  greater  than  the  tetracyclines  and  chloramphenicol. 


S.  In  1967,  an  agent  which  was  highly  lethal  for  mice  and  asfcryonated 
eggs  was  recovered  In  Thailand  from  the  blood  of  a  patient  whose  Illness 
was  associated  with  fever  and  rash.  Serologic  and  biologic  studies  by 
the  Department  of  Rickettsial  Diseases,  WRAIR,  Identified  it  as  a 
chlamydia  belonging  to  the  B  group  of  pslttacoslo-llka  agents.  In  June 
I960,  another  chlamydial  agent  was  recovered  from  the  blood  of  another 
patient  In  Thailand  with  a  febrile  Illness.  Preliminary  studies  indi¬ 
cate  that  It  Is  also  a  Croup  B  chlamydia. 
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23  (U)  -  Studies  on  the  etiology,  ecology,  epidemiology,  pathogenesis,  physiological, 
immunological  and  diagnostic  aspects  of  diseases  of  microbial  origin  which  are  current 
■  or  potential  problems  to  military  forces.  Current  emphasis  on  meningococcal  infections 
and  mycoplasma  infections  in  military  forces. 

;24  (U)  -  Development  of  bacteriological  techniques  -  holding  media,  genetic  homology, 

; serological  bacteriophage  and  bacteriocine  typing  systems,  antibiotic  sensitivity  tests, 
and  cultural  methods  -  for  recovery  and  study  of  bacteria,  bacterial  L  forms  and 
mycoplasma,  collection  of  sera,  case  histories,  clinical  materials,  etc.  from  cases  of 
above  disease  entities.  Field  studies  on  prophylactic  regimens,  spread  and  persistence 
of  meningococci  in  recruit  populations  -  air  sampling  of  transmission  of  acute 
respiratory  disease  agents. 


•25  (U)  -  69  01  -  69  06  Group  C  sulfadiazine  resistant  meningococci  have  spread  througnout 
the  Army  training  centers  and  how  account  for  85  per  cent  of  meningitis  cases.  Carrier 
rates  for  group  C  meningococci  have  varied  in  the  different  posts,  but  the  carrier  rate 
rin  group  C  vaccinated  recruits  was  reduced.  The  polysaccharide  from  serogroup  Bo  (I) 
has  been  isolated  and  purified  and  is  distinct  from  classical  groups  A,  B  and  C.  All 
types  and  representative  strains  of  mycoplasmas  and  reference  strains  of  L-phase  variants  i 
,in  the  American  Type  Culture  Collection  have  been  fully  characterized  in  terms  of  their  ! 
diagnostically  significant  biochemical  reactions  and  DNA  base  compositions.  A  new 
serologic  test  for  influenza  virus  infection  is  being  developed.  Studies  of  adenovirus 
immunity  have  shown  that  serum  and  nasal  secretory  antibodies  develop  in  all  recruits  who 
are  naturally  infected.  For  technical  reports,  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Jul  68-30  Jun  69.  £ 
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Project  3A061102B71Q,  COMMUNICABLE  DISEASES  AND  IMMUNOLOGY 
Task  00  Communicable  Diseases  and  Immunology- 
Work  Unit  168,  Bacterial  diseases 
Investigators. 

Principal:  Malcolm  S.  Artenstein,  M.D. 
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Studies  of  meningococcal  meningitis  have  covered  a  variety  of 
epidemiologic  observations,  transmission  experiments,  extraction  of 
antigens  and  measurement  of  antibodies.  Diagnostic  methods  are  being 
evaluated  as  are  attempts  to  develop  new  chemoprophylactic  agents. 


Investigations  of  mycoplasma  and  bacterial  variants  were  mainly  at 
the  level  of  isolation,  identification  and  classification;  techniques 
which  are  necessary  before  it  will  be  possible  to  ascertain  the 
etiological  role  of  the  organisms  in  human  disease. 


Bacteriologic  support  has  been  provided  to  a  malaria  project 
involving  growth  of  sporozoites  in  mosquitos.  Diagnosis  of  viral 
infections  by  serologic  means  and  studies  of  local  respiratory  tract 
antibodies  in  viral  diseases  are  other  microbiological  problems  under 
investigation. 
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Pr  ogress. 

1.  Studies  of  meningococcal  mcnimd t l ' . 

a.  Prevalence  of  the  various  serogrouus  among  case  strains  of 
mefl^gjujdis  submitted  to  WRAIR . 

During  the  reporting  year  9  May  1968  to  15  May  1969  a  total 
of  39o  rci'iioa  of  N.  meningitidis  isolated  from  systemic  infections  were 
submitted  by  other  laboratories  for  confirmatory  and  sulfadiazine 
resistance  studies.  Only  a  few,  sixteen,  wore  lubaltt'd  from  labora¬ 
tories  outside  of  OONUS.  The  majority  of  these  strains  were  isolated 
from  cases  of  clinical  meningitis  in  military  personnel,  primarily 
recruits,  and  a  much  smaller  number  were  Isolated  from  dependents.  A 
sunmary  of  these  strains  indicating  their  souroe  by  Army  aiea,  serogroup 
and  sulfadiazine  resistance  is  presented  in  Table  1.  Of  the  396  strains 
studied,  349  (88  percent)  were  sero group  C  and  35  (9  poroont)  were  sero- 
group  B.  E_even  of  the  remaining  12  (3  percent)  were  either  of  the  WRAIR 
serotypes  Boshard  ( "Slate rus  Y")  or  135-III.  The  one  remaining  strain, 
isolated  from  the  CSF  of  an  enlisted  man  recently  returned  to  OONUS  from 
South  Korea,  was  identified  as  belonging  to  serogroup  A.  This  is  only 
the  second  such  clinical  isolation  from  military  personnel  in  OONUS  since 
WRAIR  initiated  intensive  meningococcal  studies  in  1964. 

Table  2  summarizes  the  meningococcal  experience  of  the  U.  S. 
Any  from  1964  through  15  May  1969.  It  should  be  noted  that  the  dita  in 
Table  2  is  constructed  on  the  basis  of  a  calendar  year  rather  than 
reporting  year.  It  can  be  seen  here  that  in  1968  and  1969  the  replacement 
of  serogroup  B  by  serogroup  C  (88  percent  of  all  isolations)  as  the  prime 
cause  of  meningococcal  meningitis  in  the  U.  S.  Army  is  essentially 
complete.  Table  3  demonstrates  a  similar  picture  with  regard  to 
sensitivity  of  these  group  C  strains  to  sulfadiazine.  As  the  incidence 
of  group  C  meningococcal  isolates  increased  from  1965  to  1967  within  these 
group  C  organisms,  a  great  increase,  from  4  percent  to  51  percent,  was 
noted  in  the  strains  resistant  to  one  meg  or  more  sulfadiazine  per  ml. 
Nationwide  the  percentage  of  sulfadiazine  resistant  group  strains 
appears  to  have  reached  a  plateau  at  96  peroent  in  1968,  a  level  which 
completely  destroys  the  utility  of  sulfadiazine  as  a  therapeutic  or 
chemoprophylactic  agent. 

In  the  past  annual  reports  the  data  concerning  the  characteri¬ 
zation  of  case  strains  was  presented  on  a  nationwide  basis  which  provided 
information  on  gross  epidemiologic  trends.  Reexamination  of  this  same 
data  on  the  basis  of  yearly  trends  within  specific  Army  areas  has  cast 
additional  light  on  the  events  that  led  up  to  present  epidemiologic 
picture.  Table  4  describes  the  yearly  changes  in  prevailing  meningo¬ 
coccal  sero groups  within  each  Army  area.  As  early  as  1965  a  slight  shift 
could  be  detected  in  the  percentage  of  group  C  strains  Isolated  from 
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Table  1.  Source,  serotypes  and  sulfadiazine  resistance  of  case  strains  of 
N.  meningitidis  received  by  VRAIR  from  9  Hay  1968  to  9  May  1969. 
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Puerto  Rico;  one  strain 


Table  2.  Changes  In  prevalence  of  se regroups  B  and  C  N.  menln.?itldis  among  case  strains 
submitted  to  WRAIR  from  1964  to  1969*. 
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Table  3.  Changes  in  occurrence  of  sulfadiazine  resistance  among  case 
strains  of  N.  meningitidis  submitted  to  WRA1R  fron  1964  to 
1969. 


1964 

1965 

1966 

1967 

1968 

1969' 

No.  received 

297 

157 

231 

54 

35 

26 

Group  B 

No.  Sul  R 

194 

89 

162 

35 

16 

14 

*  Sul  R 

65% 

57* 

70* 

65* 

46* 

54* 

No.  received 

33 

24 

41 

86 

268 

223 

Group  C 

No.  Sul  R 

3 

1 

21 

75 

258 

213 

*  Sul  R 

9* 

4* 

51* 

87* 

96* 

96* 

*  Only  through  15  May  1969. 
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Table  4.  Increase  In  the  prevalence  of  serogroup  C  JJ.  meningitidis  among  strains  received  from  cases 
of  meningococcal  disease  in  CONUS  from  1964  to  1969* 


e* 


*  • 
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oases  of  meningitis  in  the  1st  Army  Area.  By  1967,  82  percent  of  the 
cases  were  the  result  of  group  0  infections  and  by  1968  group  B 
infections  are  as  rare  as  group  C  infections  were  in  1964.  During  the 
period  19 65  to  1966  group  C  infections  occurred  at  a  low  rate  in  the 
other  five  Army  areas.  The  increased  occurrence  of  group  G  strains  was 
not  apparent  in  the  2nd,  3rd,  4th  and  5th  Army  areas  until  1967,  and  in 
the  6th  Army  Area  until  1968.  These  data  suggest  a  fan-like  geographical 
spread  of  group  C  strains  out  from  the  Northeast  U.  S.  starting  in  1966 
and  reaching  the  West  coast  in  1968. 

A  very  similar  picture  is  seen  when  data  concerning  the 
occurrence  of  sulfadiazine  resistant  group  C  meningococci  is  classified 
by  year  and  Army  area  (Table  5).  An  almost  linear  increase  in  the 
percentage  of  resistant  strains  took  place  in  the  1st  Army  Area  from 
1965  to  1967.  Similar  increases  in  the  remaining  Army  areas  also 
lagged  a  year  behind  the  1st  Army  Area.  During  these  same  periods  when 
group  B  strains  were  declining  the  percentage  of  sulfadiazine  resistant 
group  B  strains  among  all  the  group  B  isolates  remained  relatively 
stable,  fluctuating  about  the  60  percent  level. 

We  are  presented  with  two  probably  related  phenomena;  first 
an  increase  in  the  incidence  of  group  C  meningococcal  meningitis  over 
group  B  which  appeared  initially  in  the  Northeast  U.  S.  followed  by  a 
rapid  spread  south  and  west  to  the  Pacific  coast,  and  secondly,  within 
the  group  C  meningococci  a  rapid  increase  in  the  incidence  of  sulfa¬ 
diazine  resistant  organisms  showing  the  same  geographic  movement  to  the 
west.  One  may  postulate  (l)  the  introduction  of  sulfadiazine  resistant 
group  C  strains  into  the  Northeast  U.  S.  in  1965  or  1966,  (2)  that  these 
strains  were  better  able  to  colonize  the  nasopharynx  than  the  then 
prevailing  strains,  (3)  that  they  were  also  more  able  to  produce 
systemic  infections  and  (4)  that  sporadic  sulfadiazine  chemoprophylaxis 
exerted  sufficient  selective  pressure  to  enable  these  strains  to  become 
fully  established  and  spread  throughout  the  U.  S.  However,  lacking 
information  on  (l)  virulence,  (2)  the  possible  relationship  of  sulfa¬ 
diazine  resistant  to  virulence  and  (3)  the  nature  and  effect  of  chemo¬ 
prophylaxis,  alJ  of  the  foregoing  are  at  best  conjecture. 

b.  Meningococcal  carrier  surveys. 

Meningococcal  carrier  surveys  were  performed  in  basic 
training  companies  to  determine  the  prevalence  of  carriers  and  of  the 
various  serogroups  and  to  observe  the  effect  of  group  C  vaccination  upon 
transmission. 


The  methods  used  were  the  same  as  previously  described, 
namely,  streaking  high  pharyngeal  swabs  on  to  chocolate  agar  media 
containing  lincocin  and  polymixin.  Isolates  were  confirmed  by  carbo¬ 
hydrate  fermentations  and  serogrouping. 
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Table  5.  Increasing  occurrence  of  sulfadiazine  resistant  group  C  N.  meningitidis  by  Army  area  from 
1964  to  1969**. 


•MI7 


Remits  ill  Table  6  are  lrom  eight  BCT  companies  at  Fort 
Dix,  N.  J.  Vaccine  was  not  being  used  during  this  period. 

In  general,  carrier  rates  were  lower  than  those  observed 
in  the  previous  year.  The  low  rate  of  24  percent  was  seen  in  early 
fall;  the  highest  rate  was  63  percent  in  E-3-3  in  December,  '.he  data  on 
these  small  samples  must  be  interpreted  cautiously  because  of  the 
variation  in  percentage  of  carriers  in  different  cohort  companies ;  i.e., 
C-3-3  and  E-3-3.  Also,  different  patterns  of  prevalence  of  se regroups 
occurred  in  different  training  companies*  C-3-3  showed  group  C  3train3 
to  be  most  comnon;  E-3-3  had  Bo  organisms  predominating*  A-l-3  hod  NT 
strains  in  larger  numbers  than  C  or  Bo;  B-l-3  showed  C  strains  primarily. 

In  two  companies,  A-4-3  and  C-4-3,  in  which  approximately 
20  percent  of  the  men  had  re oeivrd  group  C  polysaccharide  vaccine, 
carrier  surveys  performed  at  two  week  intervals  revealed  significant 
reductions  in  group  C  meningococcal  acquisitions  (Table  7).  Total 
carrier  rates  and  total  acquisitions  were  not  different  between 
vaccinated  and  nonvaccina ted  men.  These  results  are  in  agreement  with 
those  observed  a  year  ago  and  are  indicative  of  the  ability  of  the 
vaccine  to  provide  a  local  nasopharyngeal  immunity  to  the  meningococcus. 

Two  other  companies  were  surveyed  at  two  week  intervals 
during  BCT,  one  other  was  tested  during  the  seventh  week  only  and  one 
company  at  Fort  Bragg  was  surveyed  during  the  sixth  week.  These  data 
are  shown  in  Table  8.  In  each  instance  total  meningococcal  acquisitions 
were  comparable  in  the  vaccine  and  control  groups.  In  companies  B-4-2 
and  B-3-2,  although  the  differences  in  C  carrier  rates  were  not 
significant  at  the  5  percent  level,  there  was  a  decided  trend  for  fewer 
C  carriers  amongst  the  vaccinated  groups.  Companies  D-^-2  (Fort  Dix) 
and  D-6-2  (Fort  Bragg),  which  had  the  lowest  total  transmission  showed, 
no  differences  in  the  group  C  carrier  rates  betwien  vaccinated  and 
control  groups. 

In  these  companies  there  was  no  apparent  trend  for  any 
particular  sero group  to  fill  the  niche  created  by  reduced  group  C 
carriers  amongst  vaccinated  recruits.  Serogroupo  B  and  29E  were 
increased  in  vaccinated  men  in  one  company  each;  group  Bo  spread  in 
vaccinees  in  two  companies.  Further  observations  along  these  lines 
are  needed. 

c.  A  nmlagvwggl  fey  ;-mt Ian* 

Most  cases  of  meningitis  are  acquired  from  contact  with 
asymptomatic  carriers  rather  than  contact  with  a  diseased  individual. 
Thus,  for  several  years  we  haw  attempted  to  study  those  factors 
responsible  for  person-person  transmission.  Epidemiologic  analysis  of 
pharyngeal  acquisitions  among  roommates  and  air  sampling  of  rooms  and 
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Table  7.  Effect  of  group  C  vaccine  on  aeningococcal  acquisitions,  Fort  Dix 
1969. 


H 

2 

c 

3*  8 

2  xs 

bo  £ 


•a 

s 

1 

cd 

o 

.5 

o 

3) 

o 

> 

o 

c 

as 

o 

> 

SB 

1 

1 

> 

o 

5 

w 

3 

0) 

CO 

o 

X 

-tJ 

Cm 

O 


& 

3 

rH 

o 

• 

(V 

o 

• 

c 

O 

o 

8 

V 

V 

0) 

II 

II 

a< 

a. 

a. 

i 

i 

i 

« 

# 

* 

* 

510 


( 


Table  8.  Percentage  of  Vaccinated  and  control  recruits  acquiring 
meningococci  in  the  upper  respiratory  truct,  Fort  Dix. 


Unit 

vaccine 

and 

status 

No. 

of  men 

Serogroup  acquired  (%  of  mon) 

B 

C 

Bo 

29E 

135 

NT  or  Ro 

Total  pool 

B-4-2 

V 

33 

6 

15 

6 

15 

0 

18 

58 

C 

109 

12 

31 

9 

5 

1 

10 

66 

D-4-2 

V 

34 

6 

12 

6 

3 

0 

15 

41 

c 

101 

6 

13 

1 

9 

0 

13 

33 

B-3-22 

V 

19 

11 

11 

16 

5 

0 

26 

69 

c 

116 

12 

28 

5 

6 

0 

20 

72 

A- 4-3 

¥ 

43 

24 

12 

22 

12 

0 

14 

76 

0 

173 

14 

42 

22 

9 

2 

22 

83 

C-4-3 

¥ 

45 

5 

21 

21 

10 

0 

44 

77 

C 

174 

8 

38 

7 

7 

0 

31 

76 

D-6-23 

¥ 

29 

3 

3 

14 

3 

3 

6 

34 

Ft.  Bragg  C 

134 

7 

6 

13 

8 

7 

12 

52 

1  Total  positive  =  %  of  men  who  became  carriers.  Men  who  acquired 
more  than  1  serogroup  are  counted  once. 

2  Single  7th  week  survey  -  on"y  65$  of  men  sampled. 

3  Single  6th  veek  survey  -  88$  of  men  sampled. 
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coughs  from  individual  carriers  have  shown  that  transmission  is  primarily 
direct  via  large  droplets  but  many  acquisitions  occur  outsid.  sloping 
quarters.  Carriers  varied  in  the  numbers  of  organisms  dispersed  by 
coughing  but  these  variations  did  not  correlate  with  presen  *e  or  abser.  x 
of  respiratory  symptoms  o’  presence  of  a  concurrent  viral  infection. 

Continuation  of  studies  of  dispersal  by  single  coughs  from 
carriers  utilized  the  Large  Volume  Air  Sampler  (LVS)  with  attached  prv- 
impactor  and  collection  methods  described  previously.  Special  emphasis 
was  placed  on  chronic  carriers  as  compared  to  recruits  studied  last  ya  ar. 
Subjects  were  selected  from  laboratory  personnel  known  to  be  chronl  • 
carriers  of  meningococci. 

Five  carriers  were  tested  from  two  to  seven  times  over  a 
period  of  one  to  two  months.  With  three  exceptions  less  than  25  organisms 
were  dispersed  with  each  cough.  One  individual,  H.  Sch.,  expelled  68 
organisms  on  one  occasion  five  weeks  after  acquisition  of  a  group  C 
meningococcus.  Prior  to  and  following  this  one  cough  other  tests  showed 
minimal  or  negligible  dispersal.  J.S.  excreted  32  organisms;  identified 
as  group  B  on  one  occasion.  Three  days  earlier  and  one  month  later  no 
aerosolized  meningococci  were  found;  at  these  times  he  was  carrying  a  !iT 
meningococcus.  F.T.,  a  Bo  carrier,  coughed  155  organisms  on  one  occasion; 
ten  days  prior  and  one  month  later  less  than  25  were  expelled. 

These  data  were  summarized  together  with  chronic  laboratory 
carriers  tested  last  year  and  with  results  of  tests  on  recruits  last  year 
(new  carriers).  Results  are  shown  in  Table  9.  The  chronic  carriers 
(defined  as  duration  more  than  eight  weeks)  are,  in  general,  minimal 
dispersers;  only  three  of  12  had  a  maximum  cough  dispersal  of  more  than 
25  organisms.  Eight  of  16  acute  carriers  (less  than  eight  weeks)  were 
expelling  25  or  more  organisms  per  cough  and  six  of  these  recruits  had 
been  nasopharyngeal  carriers  less  than  two  weeks. 

Previous  data  comparing  relation  of  dispersal  to  serogroup 
of  organism  and  sulfadiazine  resistance  among  recruit  carriers  was 
revised  and  is  shown  in  Tables  10  and  11.  The  conclusions  have  not 
changed;  i.e.,  neither  serogroup  nor  sulfa  resistance  correlated  with 

dispersal. 


Summary  of  the  various  factors  related  to  dispersal  of 
meningococci  by  coughing  is  shown  in  Table  12. 

d.  Meningococcal  antigens. 

(1)  Eh do toxins.  Studies  of  meningococcal  endotoxins  have  been 
undertaken  to  establish  the  role  of  these  antigens  in  determining  strain 
specificity  within  the  serogroups.  Chemical,  serologic  and  biologic 
assays  are  being  developed  for  this  purpose. 
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Table  9.  Duration  of  carrier  state  compared  with  magnitude  of 


dispersal. 


No. 

of  organisms 

Duration 

0-12 

13-25 

26-50 

51-100 

101-200 

Less  than  2  weeks 

4* 

0 

1 

2 

3 

2-3  weeks 

3 

0 

0 

0 

0 

Less  than  8  weeks 

1 

0 

0 

1 

1 

More  than  8  weeks 
(recruits) 

1 

0 

0 

1 

0 

More  than  8  weeks 
(lab  personnel) 

5 

3 

1 

0 

1 

*  No.  of  individuals;  maximum  sample  used. 


Table  10.  Comparison  of  meningococcal  serogroup  carried 
and  number  of  organisms  dispersed  in  new 
carriers. 


Serogroup 

No. 

or  organisms 

0-12 

13-25 

26-50 

51-100 

101-200 

NT 

0 

0 

1 

1 

B 

3 

0 

2 

0 

0 

C 

5 

1 

2 

2 

1 

Bo 

2 

0 

0 

0 

0 

29E 

0 

0 

0 

1 

0 

Ho.  of  men  based  on  initial  cough  sample. 


J 
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Table  11.  Relation  of  sulfa  resistance  to  dispersal 


No.  of  organisms 


Sulfonamide 

0-12 

13-25 

25-50 

51-100 

101-200 

Resistant 

6* 

0 

3 

2 

1 

•4 

Sensitive 

6 

1 

1 

2 

1 

Table  12.  Factors  related  to  magnitude  of  dispersal. 


Factor 

Conclusion 

1. 

Magnitude  of  nasopharyngeal  swab  culture 

Not  related 

2. 

Simultaneous  viral  infection 

Not  related 

3. 

Presence  of  respiratory  symptoms 

Not  related 

4. 

Sero group  of  organism 

Not  related 

5. 

Sulfadiazine  resistance 

Not  related 

6. 

Variation  in  dispersal  from  day  to  day 

Minimal 

7. 

Duration  of  carrier  state 

Suggestive 

8. 

Ambient  temperature 

Not  tested 

9. 

Ambient  relative  humidity 

Not  tested 

10. 

Viscosity  of  secretions 

Not  tested 

11. 

Presence  of  local  antibodies 

Not  tested 
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(a)  Preparation  of  endoUxln* 


Organisms*  Well  defined  N.  meningitidis  serogroup  C 
strains  from  the  departmental  collection  were  used.  All  were  clinical 
isolates  from  blood  or  CSF.  Inoculum  seed  cultures  were  taken  from 
lyophilized  vials,  at  same  level  of  passage,  as  near  to  original  isolate 
as  possible  (within  three-3 lx  passes ),  plated  on  Barile'j  agar  and 
incubated  at  37° C  in  CO^  incubator  overnight.  This  plate  culture  was 
checked  ’or  purity  by  Gram  stain  and  a  heavy  loopful  inoculated  into 
1030  cc  of  Mueller-Hinton  Broth  (Difco)  in  a  two-liter  flask  which  was 
incubated  at  37°C  on  rotary  shaker  for  six  hours  and  then  checked  again 
for  contamination  by  Gram  stain.  The  inoculum  flask  was  then  aneptically 
added  to  mass  culture  media.  Initially  this  was  a  26  liter  carboy 
containing  14  liters  of  Mueller-Hinton  Broth;  later  this  was  done  in  a 
14  liter  jar  of  Microform  Fermentor  (New  Brunswick  Scientific  Co.).  The 
mass  culture  was  grown  with  aeration  through  a  sparger,  with  stirring, 
at  37°C  for  18  hours.  In  the  morning,  mass  culture  was  checked  for 
contamination  by  Gram  stain  and  plate  culture.  Organisms  were  removed 
from  media  by  continuous  flow  centrifugation  in  RC2  Centrifuge  and  KSB 
Continuous  Flow  accessory  (Sorvall)  at  15,003  rpm.  The  cell  pack  was 
suspended  in  0.5  percent  formalin  saline  solution  for  30  minutes  and 
than  washad  twice  with  normal  saline;  cells  were  then  suspended  in  small 
amount  of  distilled  water  to  give  a  thick  slurry,  shell  frozen  and 
lyophilized.  Next  day,  dry  cells  were  weighed  and  stored  under  vacuum 
over  P2O5  at  4°C  until  used  for  extraction. 

&i.v>toxln  extraction*  The  hot  phenol-water  method  of 
Westphal  was  used  to  prepare  crude  endotoxin  which  was  extensively 
dialyzed  against  frequent  changes  of  distilled  water  for  four  days  and 
then  concentrated  vacuo  to  one-fifth  its  original  volume.  The 
concentrated  endotoxin  was  then  ultraaentrifuged  105,000  x  g  for  three 
hours  to  separate  the  endotoxin  (gel  layer)  from  the  nucloic  acid  (super¬ 
natant).  Ultra centrifugation  was  repeated  until  endotoxin  was  free  of 
U.V.  absorbing  nutorlil  at  270  n^.  Gel  layers  containing  purified 
endotoxin  were  lyophilized.  Yields  average  1-2  peroent  of  dry  weight 
of  cells. 


Chemical  analysis*  Earlier  chemical  analysis  on  a 
serogroup  C  meningococcal  endotoxin  (/.  Wyle,  unpublished)  show  it  to 
contain : 


total  hexose  (as  glucose - - —  1436 

total  lipid - - - 20% 

fatty  acid  — - - -  ......  2436 

protein - — — - - - - - — -  1)6 

sialic  acid  - - - — - —  2% 

4Q3 - 236 

neptose - — - - - - — - -  436 

phosphate - - - - — - — - 636 
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The  present  lots  of  purified  endotoxin  have  a  total  hexose  content  (as 
glucose)  of  8-13  percent. 

While  investigating  the  sialic  acid  content  using  the 
Resorcinol  test,  it  wa;  found  that  the  percentage  of  sialic  acid  varied 
from  7.5  poroent  to  2.5  percent  depending  on  the  number  of  ultca- 
o^ntrtfugatloo  steps  and  the  degree  of  purifi cation.  This  i3  interpreted 
as  further  purification  removing  contamination  group  specific  poly¬ 
saccharide  which  itself  contains  approximately  80  percent  sialic  acid. 

The  Thiobarbituric  Acid  (TBS)  assay  also  detects 
sialic  add  but  unlike  the  Resorcinol  test  measures  presence  of  all 
2-Keto,  3-Deoxy  sugars.  The  TBA  trs*  on  -  Hydrolyzed  endotoxin  showed 
a  content  of  2.75  percent;  this  is  unusual  in  that  KDO  or  sialic  acid  is 
usually  found  in  bound  form  and  the  TBA  test  only  measures  the  free  forms. 
After  add  hydrolysis  there  was  found  16.6  peraent  TBA  reactive  material. 
This  probably  Indicates  that  there  is  about  14  percent  KDO  present  in  the 
endotoxin. 


It  was  hoped  that  neuraminidase  (sialidase)  could  be 
used  to  remove  any  contaminating  C  polysaccharide.  However,  using 
V.  cholera  neuraminidase ,  it  was  found  that  not  only  did  the  enzyme  not 
remove  sialic  acid  fror  the  endotoxin  but  it  failed  to  digest  the  C  poly¬ 
saccharide  (approximately  80  percent  sialic  acid)  and  also  would  not 
digest  Bo shard  polysaccharide  (approximately  4 8  peraent  sialic  acid). 

Lipid  was  extracted  from  endotoxin,  methylated  and 
assayed  by  gas -liquid  chromatography*  (CLC  performed  by  CPT  Standefer, 
Department  of  Biochemistry,  WRA1R. )  The  patterns,  with  large  peaks  of 
C-16  and  C-18  fatty  acids,  were  identical  to  previously  published  GKC 
examinations  of  Neisseria  (Yamakawa  and  Ueta,  Japan  J.  Exp.  Med.  34:361, 
1964). 


Preliminary  paper  chromatography  of  endotoxin  carbo¬ 
hydrates  have  shown  the  presence  of  glucose,  galactosu ,  ribose  and,  as 
yet,  two  unidentified  spots. 

Further  efforts  In  purification  using  sepharose  gel 
filtration  and  quantitative  and  qualitative  analysis  are  in  progress. 

(b)  Serology: 

The  antigenic  characteristics  of  meningococcal  endo¬ 
toxin  are  being  explored  to  determine  what  serologic  specificities  are 
carried  by  this  structure.  With  analogy  to  Salmonella,  where  ”0" 
antigen  (strain)  specificity  resides  in  its  endotoxin,  it  is  hypothesized 
that  meningococcal  strain  specificity  is  in  its  endotoxin. 
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By  slide  immunodiffusion  the  endotoxins  of  serogroup 
C  organisms  reacted  with  serogroup  C  antisera  to  give  a  single  line. 

This  precipitin  line  cross-reacted  with  a  line  for  C  polyraccharide. 

There  was  also  a  cross  reaction  with  some  serogroup  B  anti;  era.  There 
were  no  precipitin  lines  formed  with  serogroup  A,  Bo,  X,  or  Z  antisera. 

Most  of  the  reaent  endotoxin  serology  has  involved 
the  hemagglutination  test  and  the  hemaggl utlnation  inhibition  test. 

Sheep  red  blood  cells  were  fixed  with  pyruvic  aldehyde  according  to  the 
method  of  Ling  (Brit.  J.  Hemat.  Ji299,  1961).  Grids  were  run  for  each 
endotoxin  to  determine  the  optimal  concentration  of  antigen  for  sensiti¬ 
zation.  While  it  was  found  that  endotoxins  with  high  sialic  acid 
content  could  directly  sensitise  the  fixed  RBC's.  those  with  low  sialic 
acid  content  had  to  be  treated  with  dilute  NaOH  (o.l  N,  56°C  fnr  A  min. ) 
and  then  neutralized  to  pH  7. 5  (0.1  N  NaOH)  to  allow  sensitisation, 
fch do toxin  sensitized  RBC's  gave  a  sensitive  and  reproducible  system  for 
detection  of  anti-meningococcal  antibody  in  both  human  and  rabbit  sera. 
The  specificity  of  this  test  was  for  sero groups;  as  with  meningococcal 
polysaccharide  it  differentiated  between  different  sero groups  with  only 
minimal  cross  reaction.  It  proved  to  be  somewhat  more  sensitive  than  C 
polysaccharide,  averaging  two  to  three  tubes  higher  titer  when  the  two 
were  run  in  parallel.  However,  no  significant  differences  between  aero- 
group  C  sera  made  against  different  strains  were  detected.  One  finding, 
which  is  as  yet  une (plained,  is  that  individuals  i maun 1 zed  with  C  poly¬ 
saccharide  vaccine  have  antibody  that  reacts  with  endotoxin  sensitised 
RBC's,  and  do  so  usually  to  a  higher  titer  than  with  C  polysaccharide 
sensitized  RBC's.  There  are  two  fragmentary  pieces  of  information  that 
seem  to  indicate  that  this  phenomenon  is  not  due  to  C  polysaccharide 
contamination  of  endotoxin.  First,  there  are  some  vaccine/human  sera 
that  do  not  have  a  significant  titer  against  endotoxin  sensitised  RBC's 
but  do  have  a  high  titer  against  C  polysaccharide  sensitized  RBC'af 
secondly,  in  the  hemagglutination  inhibition  test,  C  polysaccharide  did 
not  inhibit  the  hem  gglutination  of  endotoxin  sensitized  RBC's  while 
completely  inhibiting  C  polysaccharide  sensitized  RBC's.  Attempts  to 
clarify  these  findings  are  in  progress. 

Preliminary  indications  are  that  the  meningococcal 
bactericidal  test  (described  in  another  section  of  this  report)  may  be 
Mie  technique  that  can  best  demonstrate  strain  specificity. 

(c)  Biologic  activity: 

In  conjunction  with  the  chemical  and  serologic  investi¬ 
gations  of  meningococcal  endotoxins,  the  biologic  activity  of  endotoxLn 
preparations  is  being  tested.  Endotoxins  are  lethal  to  21  day  old 
Swiss-Webster  mice  (LD50-75O  p gm/mouse ) ,  produce  both  the  localized  and 
the  generalized  Shwartzman  reactions,  and  produce  febrile  responses  in 
rabbits.  One  assay  of  interest  is  chorioallantoic  membrane  inoculation 
of  10  day  old  chick  embryos.  The  toxicity  (LD50)  of  our  preparations 
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in  this  assay  varies  from  0.5  jigm  and  2  p,gm  per  egg.  We  have  also  been 
exploring  the  technique  of  in  vitro  neutralization  of  chick  embryo 
toxicity  as  another  serologic  assay.  Here,  too,  further  work  is  in 
progress. 


(2)  Polysaccharide  of  serogrouo  Boshard.  Polysaccharide 
antigens  of  group  A  and  C  meningococci  have  been  shown  by  Gotschlich, 
et  al.  to  be  immunogenic  in  man.  Group  B  polysaccharide  has  been 
isolated  but  has  not  been  analyzed  for  chemical  or  immunologic 
properties.  Serogroup  Boshard  (Bo),  although  a  rare  cause  of  disease, 
has  been  frequently  found  in  carrier  surveys.  Previous  investigations 
have  shown  that  Bo  strains  and  Y  strains  of  Slaterus  appear  to  be 
identical  based  upon  agglutination  reactions.  In  order  to  better  define 
these  relationships  isolation  of  the  polysaccharide  antigen  was  under¬ 
taken. 


Initial  attempts  to  extract  Bo  polysaccharide  by  using  the 
cetavlon  method  of  Gotschlich  did  not  yield  a  satisfactory  Bo  antigen  as 
it  does  with  groups  A  and  C  meningococci.  A  new  method  was  devised 
which  incorporated  procedures  of  Sherp  and  Rake  and  those  of  Gotschlich. 
This  report  summarizes  the  method  of  extraction  and  some  of  the 
properties  of  the  purified  polysaccharide. 

The  following  procedure  has  given  satisfactory  preparations. 
The  original  strain,  31-M,  was  grown  in  Frantz  medium,  a  chemically 
defined  medium  consisting  of  casamino  acids,  dextrose,  cystine  and 
inorganic  salts,  for  18  hours  with  vigorous  shaking.  After  checking 
each  flask  by  Gram  stain  and  macroscopic  agglutination,  toluene  was 
added  to  each  flask  for  increased  lysis.  Twenty  liters  of  culture  were 
concentrated  ijj  vacuo  by  flash  evaporation  to  603  ml.  After  dialysis 
against  distilled  water,  the  insoluble  debris  was  removed  by  centrifuga¬ 
tion  and  discarded.  To  the  supernatant  fluid  was  added  absolute  ethanol 
and  CaCl2  a  final  concentration  of  30  percent  and  one  percent 
respectively  resulting  in  the  immediate  precipitation  of  deoxyribonucleic 
acid  and  the  slower  precipitation  of  ribonucleic  acid.  The  nucleic  acids 
ware  then  removed  by  centrifugation  and  the  supernatant  fluid  was  brought 
up  to  a  concentration  of  75  percent  ethanol  resulting  in  the  immediate 
precipitation  of  the  polysaccharide.  The  polysaccharide  was  washed  in 
absoljte  ethanol  to  remove  excess  calcium  salts,  washed  In  acetone,  then 
in  ether  and  dried  in  vacuo. 

The  precipitate  was  pulverized  and  made  soluble  by  grinding 
with  a  glass  rod  in  M  sodium  acetate,  clarified  by  filtration  through  a 
Millipore  prefilter  pad  and  reprecipitated  with  absolute  ethanol.  The 
dried  polysaccharide  was  dissolved  in  distilled  HgO  and  removal  of 
proteins  in  the  form  of  a  cake  was  accomplished  by  repeatedly  shaking 
the  clear  supernatant  fluid  with  chloroform  and  butanol  according  to 
the  method  of  Seva g.  Addition  of  2/3  volume  of  saturated  cupric  acetate 
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Vi  1/3  /il-iae  of  the  polysaccharide  was  added  to  remove  any  residual 
contaminating  proteins.  After  centrifugation,  the  polysaccharide  was 
removed  from  solution  by  the  addition  of  ethanol,  dissolved  In  saturate 
sodium  acetate  at  pH  7  and  reprecipitated  in  ethanol.  The  process  was 
repeated  twice  to  remove  the  blue  color  of  the  cupric  acetate  and  to 
as 3 ore  that  the  polysaccharide  was  recovered  a3  the  sodium  salt.  The 
maximum  polysaccharide  yield  from  a  29  liter  culture  was  200  mg. 

Studies  of  the  die  mi  cal  composition  of  Boshard  poly¬ 
saccharide  ware  undertaken.  Re3orcinol-HCl  tests  a  the  purified  Boshard 
antigen  were  performed  to  determine  the  presence  of  sialic  acid  which  in 
a  major  component  of  the  polysaccharides  from  groups  B  and  C.  The 
Sc shard  antigen  was  found  to  be  composed  of  48  percent  sialic  acid. 
Further  analyses  to  determine  the  remaining  constituent-:  of  Ihe  antigen 
were  performed.  The  an throne  test  using  varying  glucose  standards 
revealed  the  presence  of  a  hexose  which  constitute  36  percent  of  the 
polysaccharide  antigen.  Chromatographic  data  indicated  that  the  neutral 
hexose  was  glucose.  To  exclude  the  possibility  that  glucose  was  present 
only  as  a  contaminant  and  not  as  a  constitutive  portion  of  the  Boshard 
antigen,  the  "glucostat"  test,  which  is  an  enzymatic  test  specific  for 
glucose,  was  employed.  The  presence  of  glucose  as  a  major  antigenic 
component  was  confirmed. 

The  Boshard  polys ac.jharide  was  also  analyzed  for  the 
presence  of  protein  and  nucleic  acid  contamination.  By  the  method  of 
Lowry,  et  al.  a  protein  content  of  0.3  percent  was  found.  Nucleic  acid 
determinations  were  made  by  ultraviolet  spectroscopy  at  260  n^i.  Only 
0.1  percent  nucleic  ucld  contamination  was  detected. 

The  molecular  weight  of  Boshard  polysaccharide  was 
determined  by  agarose  columns.  Three  Blolgel  A  columns  were  prepared  - 
0.5  M,  100-300  mesh  with  a  range  of  10f000-?90,090|  1.5  M,  50-100  mesh 
with  a  range  of  10,000-1,500,000  and  15  M,  100-200  mesh  with  a  range  of 
40, 000-15, 000, 009.  In  each  column  one  ml  containing  one  mg  of  Boshard 
polysaccharide  was  compared  to  blue  dextran  which  has  a  molecular  weight 
of  two  million.  In  the  first  two  columns,  the  Boshard  polysaccharide, 
as  well  as  the  blue  dextran,  were  found  in  the  void  volume.  Although 
both  blue  dextran  and  Boshard  polysaccharide  were  retained  by  the  15  M 
ooluran,  the  blue  d;xtran  war  eluted  before  Boshard.  Therefore,  the 
molecular  weight  of  Bocharu  polysaccharide  i3  larger  than  1.5  million 
and  less  than  2  million. 

Dry  weight  analysis  of  the  purifiod  Boshard  polysaccharide, 
was  performed  by  Dr.  W.  C.  Alford  at  the  National  Institutes  of  Health. 
The  results  are  shown  in  Table  13. 
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Table  13*  Dry  weight  analysis  of  Bo a hard  polysaccharide 


Element 

Peroent  calculated* 

Peroent  present 

C 

40 

42.90 

H 

- 

5.60 

N 

2.5 

2.87 

P 

- 

0 

*  A3  48  paroent  sialic  acid. 


By  Immunoelectrophoresis  the  Bo  a  hard  polysaccharide  is 
composed  of  at  least  two  fractions.  One  has  a  net  neutral  charge  and 
does  not  migrate;  the  other  component,  probably  sialic  acid  polymer,  is 
negatively  charged  and  migrates  to  the  anode. 

The  Bo  polysaccharide  was  used  in  a  passive  hemagglutination 
test.  A  \0  poroent  suspension  of  glutaraldehyde  fixed  ertl-.rocytes  wan 
washed  3X  in  .1$  M  phosphate  buffered  saline  (PBS)  at  pH  7.3.  The 
concentration  was  adjusted  to  two  peroent  and  the  purified  antigen  was 
added  and  incubated  at  37  C  for  30  min.  It  was  determined  that  20  pg/ml 
of  polysaccharide  was  the  optimal  antigen  concentration  required  for 
sensitisation.  The  sensitised  cells  were  washed  3X  in  PBS  and  readjusted 
to  0.5  peroent  concentration.  The  microtiter  system  was  employed  using 
0.05  amounts  of  the  constituents  in  round  bottom  plates.  To  perform  the 
test,  0.05  ml  of  a  heat^inactivated  serum  was  added  to  the  first  well  and 
serially  diluted  with  0.05  loop  In  0.05  ml  PBS.  The  sensitised  oells 
were  added  and  the  plates  incubated  at  4  C  overnight.  Titers  of  the 
antisera  were  expressed  ac  the  last  well  showing  3+  (75  peroent) 
agglutination.  The  serologic  specificity  of  the  antigen  is  3hown  in 
Table  14.  In  this  table  only  sero  group  T  has  high  cross  reactions  with 
Bosha-d.  Moreover,  sera  to  both  Boshard  and  I  absorbed  with  Boshard  or 
T  bacteria  showed  complete  identity  in  the  Bo  HA  test  (Table  15). 

Specificity  of  the  polysaccharide  and  high  titered  cro3B 
reactions  with  Y  were  further  demonstrated  by  hemagglutination- 
inhibition  (HI)  test.  In  this  test  both  crude  and  purified  antigens, 
as  well  as  whole  cell  bacterial  antigens,  could  be  tested.  The  latter 
were  prepared  by  making  a  heavy  suspension  of  an  agar  grown  log  phase 
culture  in  one  ml  of  PBS  followed  by  high  speed  centrifugation. 

Performance  of  the  te3t  was  accomplished  by  diluting  the  antigen 
serially  followed  by  the  addition  of  0.025  ml  containing  two  units  of 
Boshard  antiserum.  AS  ter  incubation  at  room  temperature  for  at  lea3t 
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Table  1U  Specificity  of  the  passive  hemgglutination 
test  with  Bo shard  polysaccharide  sensitised 
preserved  cells  against  homologous  aid 
heterologous  meningococcal  antisera. 


Serum 

Designation 

Strain  used  for 
immunization 

Reciprocal 
of  titers 

592 

A 

0 

000 

A 

320 

718 

A 

160 

95 

A 

220 

572 

A 

0 

Zuesher 

B 

160 

831 

B 

0 

830 

B 

0 

887 

B 

0 

40 

B 

0 

1628 

C 

0 

N.I.H.-SB 

C 

0 

9  mis 

C 

0 

601 

C 

0 

JE5 

C 

10 

96 

X 

320 

97 

X 

160 

98 

X 

80 

100 

Y 

2560 

99 

Y 

160 

646 

Y 

5120 

658 

2 

20 

650 

•9 

u 

20 

602 

Bo 

2560 

642 

Bo 

640 

636 

Bo 

2560 

644 

Bo 

1280 

707 

d% 

2560 

717 

Bo  13 

5120 

719 

Bo13 

,  320 
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Table  15 


.  1'  L>-erj  of  the  passive  hemagglutination  test 

with  Bos hard  polysaccharide  sensitized 
preserved  oells  against  Boshard  and  Y 
absorbed  antisera. 


Serum 

Strain  used  . ->r 
immuni zation 

Absorbing 

antigen 

Reciprocal 

titer 

602 

Bo 

- 

2560 

602 

Bo 

Bo 

0 

602 

Bo 

Y 

0 

602 

Bo 

X 

2560 

602 

Bo 

Z 

2560 

646 

Y 

- 

5120 

646 

Y 

Bo 

0 

646 

Y 

Y 

0 

646 

Y 

X 

5120 

646 

Y 

z 

5120 
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15  0.1.1 » ,  0.35  nil  of  sensitized  RBC's  were  ridded  t.o  each  v;  •  I  1  ni  l  .h«> 
plutas  were  reincubated  at  4  C  overnight,  Boshard  and  Y  su  )  'rui'v  fluids 
inhibited  the  test  to  the  same  titer,  once  again  showing  identity.  In 
addition,  the  variation  in  specific  soluble  substance  produced  by  Boshard 
strains  was  revealed  by  this  sensitive  test.  Thu3,  despite  the  antigenic 
distinctness  of  the  Boshard  serogroup  to  the  other  established  somgroups, 
it  has  consistently  shown  identity  or  near  identity  to  the  Y  serogroup  by 
HA,  HI,  agglutination,  agar  gel  diffusion  and  imnunoeleetrophoresis. 

The  halo  precipitation  test  was  also  e,.. ployed  to  test 
antigenic  relatedness.  In  this  method  0.5  nil  of  antiserum  was  incorpo¬ 
rated  in  10  ml  of  Eugon  agar  in  petri  dishes  and  log  phase  cultures  were 
stamped  on  the  plates  with  a  modified  Lidwell  apparatus.  After  incubation 
at  .37  0  for  24  hrs.  followed  by  incubation  for  an  additional  24  nrs.  the 
precipitates  which  are  formed  are  a  direct  reaction  of  the  specific 
soluble  polysaccharides  produced  by  a  colony  with  the  specific  antiserum 
in  the  agar.  In  Table  16  Boshard  and  Y  arc  not  serologically  related  to 
uie  other  serogroups  but  are  identical  to  each  other.  Aguin  it  is 
demonstrated  by  this  test  that  among  23  Boshard  strains  there  were  wide 
variations  in  the  amount  of  specific  polysn  coin  ride  produced  or  in  the 
ability  of  the  soluble  antigen  to  diffuse. 

The  fluorescent  antibody  test  was  used  as  final  test  of  the 
relationship  of  Boshard  and  Y  serogroups.  It  was  felt  that  because  log 
phase  bacterial  cells  are  employed,  the  normal  steric  relationships  of 
the  surface  and  subsurface  antigens  were  preserved.  An  agar  grown  log 
phase  culture  was  suspended  to  approximate  1  x  10^  organisms/ml  which  was 
diluted  with  PBS  to  a  final  yield  of  2  x  10^  organisms/ml.  One  drop  of 
the  suspension  was  placed  on  microscope  slides  and  incubated  at  37  C 
until  dried  and  fixed.  A  drop  of  each  dilution  of  immune  serum  was 
placed  on  a  single  spot  of  dried  bacteria  and  placed  in  a  moist  chamber 
for  20  min.  After  washing  3X  in  PBS  and  removing  excess  fluid  around 
the  spots,  a  drop  of  fluorocein  tagged  goat-antirabbit  serum  at  a  1:20 
dilution  was  added  to  each  slide.  After  further  incubation  in  a  moist 
chamber  for  20  min.  the  slides  were  again  washed  3X  in  PBS,  dried  around 
the  spot  and  mounted  with  a  coverslip  and  buffered  glycerin.  The  results 
of  the  fluorescent  antibody  test  are  shown  in  Table  17. 

Although  each  antigen  exhibited  high  titers  in  its 
homologous  antiserum,  there  were  only  low  titer  cross  reactions  to  the 
heter  logous  antiserum.  The  apparent  contradiction  of  tnis  test  to  the 
other  serological  tests  which  confirmed  the  serological  identity  of  the 
two  serogroups  has  at  least  one  possible  explanation.  Tne  phenomenon 
called  steric  hindrance  describes  a  situation  where  one  organism  may 
react  in  two  antisera  whereas  the  other  may  react  in  its  homologous 
serum  and  very  little  or  not  at  all  in  the  heterologous  serum.  Although 
both  organisms  may  possess  a  common  antigenic  component,  it  may  be 
located  on  the  surface  layer  of  one  and  may  be  situated  more  deeply  or 
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of  N.  neninritidis  .'train' 
Bokhara  and  Y  antisera.' 

Antisor 
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646 
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PG 

101-11 

Bo 
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Bo 
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Bo 
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2* 
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3» 

- 
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Bo 

-* 

3* 

- 

- 
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Bo 

2+ 

2+ 

3* 

■f 
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Bo 
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r 

3* 
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- 

- 

- 

- 
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— 
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- 

- 

- 

- 
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- 
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- 

- 

- 
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Z 

- 

- 

- 
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• 

— 

• 
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Table  16.  (Continued) 

=  Halo  dianeters  recorded  at  48  hrs. 
=  To  halo 

1  =  Questionable 

+  =  <1  mm 

2+  =  1-2  sar 

3+  =  2-3  nrn 

NG  -  No  growth 

PG  -  Poor  growth 


525 


io:  : )  r  _•  f  i.  «  w  ’  1ft :r  :*  'X»r.  ."Lii  (tcameox  -o 1 

•  .’t  i» :  '.  s  *  i&  .  f  >  »:  '.iftil  frji  rtt  '.  Lr^  iT.'i.  »  ft .  t  c  .f 

v  *. :  t 

1 '  '.i  co-i-iuAftd  Uftt  ;«po^ro'j^»s  K>afcft.rd  xa-J  I  pc4M» 
ltos.il  ft*  fr.yf  j(e  ifl  -  poijrsftr -*-ftrlAs a.  Ttjere  %ppe+r  to  be  nrUtloss 
Is  Uo  x'.  of  pc :jr* ft.  ±trldi  p4ux>4  by  differed  atrftina  and  the 
jlra  turfti  ne.fttloeafc.lpa  of  the  polyaa -chftriAs  to  the  intact  orgftnlam 
sajr  i.Ju  miry. 

e.  Va lnrowc.-fti  ftntitftHiiea. 

( .  1  train  areclfl-  bn.terlcj^  itfl1  jfe>4l&a « 

laJ  Background  and  objectives:  Currently  available 
-.rologi-  t«- -hniques  perait  the  classlfl cation  of  meningococci  into 
broad  gr  ,upj  on  the  Deals  of  the  agglutination  of  whole  organisms  by 
ape  -lfi  •  rabbit  antiserum.  The  existence  of  strains  within  these  broad 
serogro ups  (A,  B,  C,  Bo,  29 fc,  135,  I,  Z)  has  long  been  suspected,  but  no 
pr.i  • ‘-i  al  method  of  detecting  antigenic  differences  between  strains  has 
bi.-n  deve  loped. 


leiua  bu  -tericidal  activity  i3  u  very  sensitive 
indicator  of  antibody  against  meningococci.  Previous  work  at  URA1R  and 
by  Roberts  (Roberts,  R.  C.  Exp.  Med,  s 79 5-818,  1%7)  ha3  suggested 
that  the  bactericidal  reaction  could  be  usod  to  detect  antibody 
difference.;  between  strains  of  the  jamt;  sorogroup. 

lhe  work  t  u  described  has  several  goals: 

1.  To  develop  i  r«  producible  Ui  lerl  -Idal  assay  using  rabbit  antiserum 
against  case  strains, 

2.  To  use  the  test  to  diet  l.np<  .  ant  igenic  differences  between  strains 
within  n  serogroup, 

3.  To  determine  the  (uttlgenlc  'om|Hinentr.  against  which  the  bactericidal 
antibody  is  dire .-U  d. 

The  ability  to  identify  strains  within  the  broad 
serogroup3  would  greatly  enhance  the  study  o.’  the  dynamics  of  transmission 
of  meningococci  among  recruits.  Equally  important,  serologic  identifi¬ 
cation  of  strains  will  benefit  the  study  of  drug  resistance,  genetic 
transformation,  and  other  basic  aspects  of  the  microbiology  of  meningo¬ 
cocci. 
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t  H--  ’«£*.  iJ  . 

^  '.re  -  ^jr  ft. . i fr  ^  s*^.„g  1 

fn«  the  kfULLh  oo..e  ’.lot  w  rt  iwjpvadwd  in  w. .  f  jr.,.sjr.aVe  tviffVrrd 
JliiM  Ipli  7.0#  Q.13K/  md  plated  jc  Svarlle's  v^r,  lf>r  orv  might 
growth  it  37  C  Ln  a  ODi  inc-uiiitwr,  a  .oopfui  f  organi^as  wept  Lnj 
into  25  nl  of  Hull  .er-Aintoo  broth  ^Dif.o1  Lr.  a  25>~  tL.  Kephe.  rue  tr  r  C.xu± 
and  Ln -abated  ■embi-sliy  at  37  2  lx.  a  rotary  aXmLer  water  bath  .it 
rjm. 


Ths  optical  A*naity  at  was  loeasumd  cwry  3^ 

Bln.  in  i  ColaBan  Jr.  Spe ctropht  toeaeter.  Ar4  optical  density  of  0.*  was 
found  by  colony  count  to  correspond  to  a  concentration  of  appr  ximaU-i/ 
3  X  10**  organisms/ml .  This  O.D.  value  was  attained  30-^J  min.  after 
inoculation  of  the  flask  and  fell  on  the  early  log  phase  ot  the  growth 
curve. 


Preparation  of  antiserum  -  Antisera  to  14  group  C 
strains  were  prepared  in  New  Zealand  rabbits  (1-2  Kg)  by  the  administration 
of  a  single  intravenous  injection  of  5  x  10&  live,  early  log  phase 
organisms.  The  rabbits  were  bled  weekly  from  the  marginal  ear  vein. 

Serum  was  sterilized  by  filtration  through  a  0.45  p  Millipore  filter  and 
stored  in  screw  top  vials  at  -70  C.  Before  being  used  in  the  bactericidal 
test,  all  antisera  were  inactivated  at  56  C  for  30  min. 

Bactericidal  assay  -  The  method  employed  is  a  modifi¬ 
cation  of  the  prooedure  described  by  Roberts  (Roberts,  R.  J.  Exp.  Med. 
126:795-818.  1967). 

1.  Diluent  (Gel-Gey  Solution  consisted  of  0.1  percent  galatin  (Difco)  in 
Gey's  Balanced  Salt  Solution  (Microbiological  Associates).  Fresh  Gel- 
Gey  solution  was  prepared  before  each  test  by  adding  5  ml  of  sterile 
10  percent  gelatin  to  500  ml  of  sterile  Gey's  Balanced  Salt  Solution. 

2.  Complement :  The  re  action  mixture  always  contained  10  percent  normal 
rabbit  serum  as  a  complement  source.  Rabbits  were  selected  for 
complement  souroes  only  after  their  sera  was  shown  to  lack  bactericidal 
activity  against  meningococci.  The  normal  rabbit  serum  was  stored  at 
-70  C  and  thawed  immediately  before  use.  Serum  was  discarded  after 
four  weeks  of  storage. 

3.  Meningococci:  The  strain  to  be  tested  was  grown  as  described  above. 

The  inoculum  consisted  of  0.1  ml  of  a  broth  culture  with  an  optical 
density  of  0.1,  i.e.  approximately  3  x  10?  organisms  in  the  early  log 
phase  of  growth. 
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screw  top  tubes. 


The  rea'tion  tubes  were  incubated  aerobically  at  37  C 
with  shaking.  Colony  counts  were  determined  at  0  and  120  min.  by  the 
plate  method.  0.05  ml  of  each  reaction  mixture  wa3  diluted  with  0.9  ml 
of  Gel-Gey  Solution  from  which  serial  10-fold  dilutions  were  made. 

0.1  ml  of  each  dilution  was  transferred  to  a  Mueller-Hinton  agar  plate 
(dried  at  room  temperature  for  two-three  days  to  ensure  rapid  absorption 
of  the  fluid)  and  spread  with  a  bent  glass  rod  while  rotating  the  plate 
on  the  Spray-Fisher  Dish  Turntable  (Fisher).  The  plates  were  incubated 
overnight  at  37  C  in  a  candle  jar  or  in  a  CO2  incubator  and  the  number 
of  colonies  were  counted. 


The  relative  peroentage  of  killing  was  calculated  by 
comparing  the  number  of  organisms  present  in  the  test  mixture  at  two 
hours  to  the  number  in  the  complement  control  at  two  hours.  Significant 
bactericidal  activity  was  taken  to  be  greater  than  a  99  percent  or  2-log 
reduction  in  th?  viable  colony  count  at  two  hours. 

Absorption  of  antiserum  with  whole  organisms  -  A  loop- 
ful  of  meningococci  from  an  overnight  growth  on  Barile's  agar  was  added 
to  0. 5-1.0  ml  of  antiserum  which  had  previously  been  heated  at  56  C  for 
30  min.  After  incubation  for  one  hour  at  4  C,  the  bacteria  were  removed 
by  centrifugation  and  the  absorption  step  was  repeated  with  fresh 
organisms  for  one  hour  at  4  C.  After  centrifugation,  the  doubly 
absorbed  antiserum  was  filtered  through  a  0.45  p  Millipore  filter  and 
stored  at  4  C. 


Control  antiserum  was  treated  in  like  fashion, 
omitting  the  addition  of  organism. 

Absorption  of  antiserum  with  C-polysaccharide  -  After 
heating  at  56  C  for  30  min.  antiserum  was  mixed  with  an  equal  volume  of 
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a  50  peroent  suspension  of  pyruvic  aldehyde  fixed  human  0  Rh  negative 
red  cells  sensitized  with  C-polysaccharide  (Lot  C^).  The  mixture  was 
incubated  for  one  hour  at  37  C  with  frequent  shaking  and  then  for  18 
hrs.  at  4  C.  The  red  cells  were  removed  by  centrifugation  and  the  anti¬ 
serum  sterilized  by  filtration. 

Control  antiserum  was  prepared  by  absorption  with 
unsensitized,  pyruvic-aldehyde  fixed  red  cells. 

(c)  Results. 

Reproducibility  of  the  bactericidal  test  -  The 
coefficient  of  variation  of  replicate  plate  counts  averaged  about  10  per¬ 
cent.  Nevertheless,  the  reproducibility  of  the  test  from  day  to  day  was 
high.  With  the  prototype  system  of  60  Eur  (C]_]_)  strain  versus  anti-60 
Eur  rabbit  antiserum,  kills  of  gres.  er  than  99  percent  were  obtained  in 
11  tests.  Similar  reproducibility  was  achieved  with  several  other  strains 

The  results  of  a  typical  test  of  strain  60  Eur  vs.  anti 
60  Eur  are  shown  in  Table  18.  After  incubation  for  two  hours  there  is 
growth  in  the  complement  control  tube  and  a  2.5  log  fall  in  the  number  of 
organisms  in  the  test  mixture.  The  relative  kill  at  two  hrs.  is  99.98  per 
cent  or  3.5  logs. 


Table  18.  Results  of  reaction  between  60  Eur 
_ strains  and  anti-60  Eur  antiserum. 


Organisms/ml 

Reaction  mixture 

0 

2  hr 

Complement  control 

3.2  x  107 

5.1  x  108 

Test  mixture 

3.2  x  107 

8.7  x  IQ*- 

Effectiveness  of  immunization  method  -  A  single  intra¬ 
venous  injection  of  10°  live  meningococci  resulted  in  the  production  of 
bactericidal  activity  in  sera  of  all  20  rabbits  tests  five-six  weeks 
after  immunization.  All  antisera  gave  at  least  99  percent  kill  when 
tested  at  a  1:10  dilution  against  homologous  strains.  Antisera  against 
60  Eur  and  against  59  Eur  were  titrated  and  found  to  give  a  50  percent 
kill  (calculated  by  the  Reed-Muench  method)  at  dilutions  of  1:320  and 
1:160  respectively.  The  immunization  procedure  did  not  result  in  the 
development  of  detectable  agglutinating  or  precipitating  antibody  as 
measured  by  the  standard  slide  agglutination  method  or  by  agar  gel 
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diffusion.  Low  titers  (<1:32)  of  hemagglutinating  antibody  were  detected 
by  one  week  in  all  rabbits  but  the  titers  declined  to  less  than  two  by 
six  weeks  after  immunization. 

Antibody  nature  of  the  bactericidal  activity  -  Evidence 
supporting  the  involvement  of  specific  antibody  in  the  bactericidal  test 
is  three-fold. 

1.  As  indicated  in  Table  19,  there  was  no  bactericidal  activity  detected 
in  sera  of  rabbits  prior  to  immunization.  Such  activity  regularly 
appeared  following  immunization. 


Table  19.  Bactericidal  activity  in  pre-  and  post¬ 
immunization  rabbit  antisera  tested  against 
homologous  strains. 


Strain 

Relative  %  kill  at  2  hours 

Pre-immune  sera 

6-week  post-immune  sera 

60  Eur 

0 

99.9 

158-111 

0 

99.9 

118-V 

0 

99.0 

2.  Absorption  of  specific  antiserum  with  the  homologous  strain  used  in 
immunization  results  in  removal  of  almost  all  bactericidal  activity, 
as  seen  in  Table  20. 


Table  20. 

Bactericidal  activity  before 
of  antiserum  with  homologous 

and  after  absorption 
strain. 

Relative  %  kill 

at  2  hours 

Strain 

Unabsorbed  antiserum 

Absorbed*  antiserum 

60  Eur 

99.9 

12 

138-1 

99.° 

0 

142-Eur 

99.6 

10 

*  Absorbed  antiserum  was  doubly  absorbed  with  whole  organisms 
of  the  homologous  strain. 
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.  Bactericidal  activity  is  coepleaett  ck'pender.*. .  Hcs'.Lng  -*  -•  -> 

antiserum  and  the  normal  rabbit  serum  for  mL..  a*.  <  .->*  suited  i:. 

eooplete  loss  of  activity. 

Differentiation  of  group  C  strains  with  the  ba't*  ri 'Ida. 

test  - 

1.  Reaction  of  strains  against  unabsorbed  heterologous  antisera  -  Thr>  * 
group  C  strains  (60  Eur,  138-1,  and  142  Eur)  were  -oupared  for 
reactivity  towards  homologous  and  heterologous  antisera  and  the 
results  are  shown  in  Table  21. 


Table  21.  Bactericidal  activity  of  homologous  and 
heterologous  antisera  against  strains 
60  Eur,  138-1  and  142  Eur. 


Strain 

Relative  %  kill  by  indicated  antisera 

Anti  60  Eur 

Anti  138-1 

Anti  142  Eur 

60  Eur 

99.9 

63.2 

91.4 

138-1 

95.4 

99.7 

99.7 

142-Eur 

87.9 

99.9 

99.6 

Each  strain  was  killed  by  its  homologous  antiserum  and  strains  138-1 
and  142  Eur  were  killed  equally  well  by  the  antisera  to  the  other. 
However,  the  reduced  activity  of  anti  138-1  antiserum  against  60  Eur 
and  of  anti-60  Eur  against  138-1  suggested  that  these  two  strains  may 
be  antigenically  distinct.  Since  the  use  of  unabsorbed  antiserum  did 
not  make  the  differences  clear-cut,  experiments  were  carried  out  to 
eliminate  antibody  directed  against  the  C-polysaccharide  common  to 
all  eight  strains. 

2.  Bactericidal  activity  in  antisera  absorbed  with  C  polysaccharide  - 
The  results  of  reacting  the  three  strains  against  antisera  absorbed 
with  C  polysaccharide  are  incubated  in  Table  22. 

Table  22.  Bactericidal  activity  of  homologous  and  heterologous 


antisera  after  absorption  with  C-polysaccharide. 


Relative  %  kill  with  C-polysaccharide 
absorbed  antisera 

Strain 

Anti  60  Eur 

Anti  138-1 

Anti  142  Eur 

60  Eur 

99.8 

0 

92.9 

138-1 

0 

99.3 

99.5 

142  Eur 

0 

98.3 

99.9 
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Thus  60  Eur  is  demonstrated  bo  be  antigenicaliy  different  from  13 8  I, 
slnae  there  is  no  cross  reactivity  with  bhe  corresponding  absorbed 
inbisei-a.  The  failure  of  absorpbion  of  anti-142  with  C-polysaccharide 
bo  re  now  all  bactericidal  activity  against  60  Eur  nay  be  due  either 
to  incomplete  absorption  of  anti-i42  Eur  or  to  the  sharing  of  minor 
antigens  between  60  Eur  and  i42  Bur.  The  data  do  not  permit  the 
resolution  of  these  altematiws. 


The  marked  reduction  in  bactericidal  activity  of  several  of  the 
absorbed  antisera  against  heterologous  strains  indicates  that  much 
or  all  of  the  activity  of  the  unabsorbed  antisera  against  heterologous 
strains  was  due  to  the  presence  of  antibody  against  the  C-poly- 
saccharide. 

The  effect  of  absorption  with  C  polysaccharide  on  the  bactericidal 
activity  against  the  homologous  strain  is  shown  in  Table  23. 

Table  23.  Bactericidal  activity  of  unabsorbed  and 


C-polysaccharide  absorbed  antisera  against 
homologous  strains. _ 


Strain 

Relative  %  kill  with  indicated  antisera 

Unabsorbed  homologous 

Antisera 

Absorbed  homologous 

Antisera 

60  Eur 

99.9 

99.8 

138-1 

99.6 

99.3 

142  Eur 

99.7 

99.9 

The  lack  of  reduction  in  bactericidal  activity  of  absorbed  antiserum 
against  homologous  strains  emphasizes  the  importance  of  bactericidal 
antibodies  to  antigens  other  than  the  C-polysaccharide. 

3.  Bactericidal  activity  in  antisera  absorbsd  with  whole  organisms.  -  To 
define  further  the  antigenic  differences  among  these  three  strains, 
each  strain  was  reacted  against  antiserum  absorbed  with  whole 
organisms.  As  indicated  in  Table  20,  double  absorption  of  the  anti¬ 
serum  with  the  homologous  organism  removes  almost  all  activity 
against  that  strain.  The  results  of  absorption  with  heterologous 
strains  are  shown  in  Tables  24-26. 
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Strain 

60  Eur 
138  I 


24.  fci 'V-ricidax  activity  of  antisera  against  strains  60 
Eur  and  138  I  after  cross  absorption. 

Relative  %  kill  in  indicated  antisera 

Anti  60  Eur  Anti  138  I 

Absorbed  with  Absorbed  with 

Unabsorbed  strain  138  I  Unabsorbed  strain  60  Eur 

99.9  99.7  63.2  22.3 

95.4  0  99.7  98.4 


Table  25.  Bactericidal  activity  of  antisera  against  strains  60 
Eur  and  142  Eur  after  cross  absorption. 

Relative  %  kill  in  indicated  antisera 

Anti  60  Eur  Anti  142  Eur 


Absorbed  with  Absorbed  with 

Strain  Unabsorbed  strain  142  Eur  Unabsorbed  strain  60  Eur 


60  Eur 

99.9 

99.5 

91.4 

25.0 

142  Eur 

87.9 

0 

99.6 

99.9 

Table  26. 

Bactericidal  activity  of  antisera  against 

strains  138  I 

and  142  Eur  after 

cross 

absorption. 

Relative  %  kill  in  indicated  antisera 


Anti  142  Eur  Anti  133  1 


Absorbed  with  Absorbed  with 

Strain  Unabsorbed  strain  138  I  Unabsorbed  strain  142  Eur 


142  .Eur  99.6  51.0  99.9  22 

138  I  99.7  0  99.6  Not  Done 
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Marked  reduction  in  bactericidal  activity  of  antisera  against 
heterologous  strains  without  any  significant  change  in  activity 
against  homologous  strains  occurred  with  the  pairs  60  Eur-138  I 
(Table  24)  and  60  Eur-142  Eur  (Table  25),  confirming  that  60  Eur 
is  antigenically  different  from  138  I  and  1 42  Eur.  On  the  other 
hand  the  similarity  between  138  I  and  142  Eur  was  seen  by  the  effect 
of  cross  absorption  on  reducing  activity  in  the  cross  reactions 
(Table  26). 

The  fact  that  the  absorbed  antisera  often  retained  activity  against 
heterologous  strains  suggests  that  either  the  method  utilized  did 
not  result  in  complete  absorption  of  antibody  against  C-poly- 
saccharide  or  that  other  common  antigens  exist. 

In  summary,  the  determination  of  bactericidal  activity  against 
homologous  and  heterologous  strains  in  rabbit  antiserum  absorbed 
with  C-polysaccharide  or  with  whole  organisms  permits  the  identifi¬ 
cation  of  antigenic  differences  between  strains  of  group  C  meningococci. 

(2)  Studies  of  the  passive  hemagglutination  test. 

Previous  studies  in  this  laboratory  have  demonstrated 
that  polysaccharide  sensitized  erythrocytes  agglutinate  (Ha)  in  the 
presence  of  antibody  and  that  the  test  is  group  specific.  In  200 
individuals  vaccinated  with  A  or  C  vaccines,  bactericidal  and  HA  antibody 
responses  showed  perfect  correlation.  Further  studies  have  been  under¬ 
taken  to  improve  the  HA  procedure. 

C  polysaccharide  microtiter  passive  hemagglutination 
tests  -  Tests  are  performed  in  the  microtiter  system.  For  the  test 
human  0,  Rh  negative  red  cells  are  tanned  by  the  pyruvic  aldehyde 
method.  (N.  R.  Ling,  1961,  Brit.  J.  Haemat.,  2*299-302.)  The  cells  are 
suspended  at  a  10  percent  concentration  and  stored  at  4  C.  Prior  to 
sensitization,  the  cells  are  washed  three  times  with  phosphate  buffered 
saline  pH  6.9  (PBS)  and  suspended  to  a  concentration  of  two  percent. 

The  amount  of  antigen  solution  needed  for  optimal  sensitization  was 
determined  to  be  20  jig/ml  by  grid  titration.  The  concentration  of  C 
polysaccharide  needed  for  sensitizaticn  has  remained  constant  for  eight 
lots.  After  incubation  with  the  antigen  for  30  min.  in  a  37  C  water 
bath,  the  cells  are  washed  three  times  in  PBS  and  diluted  further  to  a 
concentration  of  0.5  percent.  For  stabilization  of  the  cells,  bovine 
serum  albumin  (BSA)  is  added  to  a  final  concentration  of  0.5  percent  w/v. 

It  was  found  that  the  use  of  round  bottom  plates  and  0.05  ml  amounts  of 
reagents  gave  patterns  which  were  most  easily  read  and  consistent.  To 
perform  the  test,  two-fold  dilutions  of  0.05  ml  of  heat  inactivated  sera 
are  made  in  0.05  ml  PBS  with  0.05  ml  diluters.  After  0.05  ml  of 
sensitized  cells  is  added  to  each  well,  the  plates  are  rotated  gently 
and  incubated  at  room  temperature  for  two  hours.  Titers  of  sera  are 
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expressed  in  terms  of  the  lust  wells  showing  3+  (75  percent)  agglutination. 
Controls  consist  of  a  specific  rabbit  antiserum,  two  sera  from  a  vaccinee 
1  having  titers  of  1:256  or  greater  and  two  human  sera  having  no  titer. 

The  12th  well  in  each  titration  serves  as  the  cell  control, 

* 

The  test  1s  considered  valid  when  the  negative  sera 
remain  negative  and  the  positive  sera  vary  no  more  than  one  dilution 
higher  or  lower  than  their  mean  titers. 

One  group  of  sera  from  vaccinated  individuals  required 
absorption  with  nonsensitized  RBC’s  to  remove  agglutinins  which  interfered 
with  the  polysaccharide  HA  test. 

Studios  co  determine  the  length  of  time  that  sensitized 
cells  remain  usable  were  undertaken.  Results  showed  that  although  the 
cells  remain  sensitized  for  10  days  to  the  same  degree  as  the  initial  day, 
bacterial  contamination,  which  is  very  common,  causes  significant  decrease 
in  titers.  Sensitized  cells,  therefore,  are  kept  and  used  for  three  days 
but  for  no  more  than  seven  days.  Sensitized  RBC's  stored  over  three  weeks 
agglutinate  nonspecifically. 

Attempts  to  preserve  sensitized  cells  by  two  methods 
have  been  unsuccessful.  In  the  first  method  cells  were  sensitized  <in  the 
usual  manner,  diluted  to  a  concentration  of  10  percent  and  quickly  frozen 
and  kept  at  -20  C.  When  the  cells  were  thawed  for  use  beginning  with  the 
first  day  after  freezing  little  or  no  settling  o?  cells  was  observable, 
probably  due  to  cell  rupture. 

A  second  method  used  to  preserve  sensitized  cells  was 
lyophilization.  Cells  were  sensitized  by  the  usual  method,  washed  three 
times  in  PBS,  diluted  to  a  cell  concentration  of  two  percent,  quickly 
shell  frozen  in  alcohol  and  dry  ice  and  lyophilized.  Each  bottle  was  to 
be  reconstituted  with  five  ml  of  PBS  with  BSA  added  which  would  provide 
sufficient  cells  for  one  microtiter  plate.  However,  these  cells  failed 
to  settle  at  room  temperature  within  18  hrs. 

In  an  attempt  to  resolve  this  problem  cells  were 
lyophilized  in  the  same  manner  as  before  but  the  BSA  was  added  before 
lyophilization.  Table  27  3hows  the  titers  of  control  sera  with  freshly 
sensitized  cells  as  compared  to  lyophilized  cells. 


These  data  indicate  that  lyophilization  appears  to 
be  a  promising  tool  and  further  tests  will  explore  its  use.  BSA  is  an 
essential  ingredient  in  the  initial  freezing  step. 
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Table  27.  Comparison  of  hemagglutination  titera 
obtained  with  fresh  and  lyophilized 
erythrocytes. 


Reciprocal  of  titer 
(8  determinations) 


Antisera 

Fresh  cells 

Lyophilized 

mean 

mean 

A  rabbit 

0 

2 

B  (881)  rabbit 

0 

8 

C14  (1*20)  rabbit 

64 

64 

C19  (Ii20)  rabbit 

32 

64 

075  human 

256-512 

256 

690338  human 

256 

256 

064  human 

256 

256 

PBS  control 

0 

0 
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i  i'  iii.-j.  > r L  media  far  isolation  uf  lloluserlao . 


It  i  Aground:  Various  transport  mediu  have  boon  tried  for  the 
preservation  of  gonococcal  specimono.  The  concentrations  of  the 
Inorganic  aultn  are  critical  for  preventing  rapid  autolysie  and  the 
toxic;  afiwtu  of  other  orgonisma  present.  A  satisfactory  medium  must 
muintuin  the  optimal  osmotic  pressure.  Calcium  chloride  is  required  for 
good  growth  of  the  gonococcus.  In  the  presenco  of  sodium  chloride,  oells 
will  be  vury  mucoid.  If  ,01-. 02  percent  calcium  chloride  is  added,  non¬ 
mucoid  colonics  arc  obtained.  At  the  same  time  it  must  be  remembered 
that  calcium  ions  in  high  concentration  are  toxic  for  some  enzymes, 
Stuart's  medium  ns  a  solid  agar  has  increased  the  recovery  of  gonococci 
compared  to  the  original  formal  with  0.3  percent  agar. 

0&B  uid  Amies  (1  peroent  charcoal)  media  have  been  compared  using 
six  stock  strains  of  Neisseria  gouorrhoeao .  Four  vials  were  inoculated 
with  each  strain.  The  media  was  stored  at  25  C  and  aubcultured  daily  for 
four  days.  A  charcoal  swab  was  used  in  CidB  medium  and  a  cotton  swab  in 
Amies  medium.  From  overnight  growth  on  chocolate  agar  containing 
lincomycin  and  polymixin  (chocolate  LP)  suspensions  were  made  in  the 
basic  salt  solutions  of  ea  h  medium  to  u  density  of  #1  MacFarland 
standard,  Eich  swab  was  immersed  in  ono  ml  of  the  coll  suspension  and 
then  placed  in  the  holding  medium.  All  strains  were  viable  for  48  hrs. 
in  euch  medium  but  two  vials  of  the  Amies  medium  were  contaminated  with 
a  mold.  No  strain.;  were  recovered  after  this  time. 

Six  fresh  isolates  of  N.  gonorrhoeas  were  used  for  comparison  of 
two  variations  in  the  basic  salt  mixture: 


0.25% 

NaCl 

B.  0.5* 

NaCl 

0.1% 

Na2HP04 

0.1* 

Na2HP04 

0.02% 

KCI 

0.005* 

CaCl2 

0.005% 

CaClg 

Each  was  made  up  with  one  and  three  percent  agar.  Sodium  thio- 
glycollate  was  added  and  the  final  pH  of  each  was  7.4.  Charcoal  treated 
swabs  were  used  for  inoculation.  One  set  was  stored  at  25  C  and  one  at 
3  C.  After  three  days  at  25  C,  only  two  were  still  viable  in  medium  B 
with  three  percent  agar.  Four  were  still  viable  in  both  A  and  B  with 
three  percent  agar  after  three  days  at  3  C.  After  four  days  under 
refrigeration,  two  were  viable  in  both  media  with  three  percent  agar. 
Using  one  percent  agar,  no  strains  survived  three  days  at  25  C  and  only 
two  of  six  (B  salts)  were  recovered  at  3  C  storage. 
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Cjtton  awabu  are  toxic  for  the  pathogeni*  Ho.1.{i;>t,r !.m •  U.lniiii  and 
Kennett  found  that  charcoal  could  bo  ucod  an  a  detoxifying  agent. 

Previous  trials  luivo  shown  that  whon  ono  potri  dish  Is  Inoculated  with 
a  Bwab  from  transport  modium  storod  throo-four  days  /aid  another  Inoculated 
with  some  of  the  (surrounding  medium  In  the  vial,  growth  Is  obtalnod  In 
some  cases  only  on  the  socond  plate.  Glutamine  In  used  In  sovorol 
supplements  for  ty.  gonorrhoeas.  It  In  also  n  detoxifying  agent.  Since 
sodium  glutamate  can  be  substituted  for  glutamine  In  the  supplements, 
alkaline  treated  swabs  with  sodium  glutamate  were  used  with  fresh 
Isolates  of  N.  gonori  ^  ^  In  transport  medium  but  no  Increase  In 
viability  was  observed. 

For  transport  of  ty.  meningitidis  the  original  CAD  medium  was 
prepared  with  ono  modification  only:  0.25%  Nad  was  used.  The  final  pH  was 
7.5»  The  medium  was  used  by  CPT  Schrot  of  the  First  Army  Medical 
Laboratory,  Fort  Georgs  G.  Meade,  in  a  carrier  survey  at  Fort  Knox. 
Sixty-five  pharyngeal  specimens  wore  obtained  In  duplicate  using  charcoal 
treated  swabs.  One  swab  was  streaked  Immediately  on  a  chocolate  L.P. 
plate  and  the  other  placed  In  holding  medium.  All  vials  were  refrigerated 
at  8  C  for  90  hro.  before  subculture.  There  were  42  original  positives 
and  after  90  hr3.  storage  22  were  reeovorod.  One  ponoiblo  explanation 
for  the  low  recovery  may  be  the  observation  of  Floxner  that  at  low 
temperature  more  N.  meningitidis  survive  In  concentrated  suspensions 
while  at  high  temperatures  more  survive  In  more  dilute  suoponsions. 

Table  28  shows  the  results  of  a  number  of  transport  medium 
studies  for  meningococcal  recoveries  using  storage  at  room  temperature. 

It  Is  apparent  that  about  70  peroent  of  carriers  can  be  detected  using 
CAB  media  if  tho  swabs  are  alkaline  or  charcoal  treated.  Further  studies 
are  Indicated,  especially  to  test  whether  storage  at  colder  temperatures 
will  increase  the  yield. 

Rapid  diagnostic  methods:  In  1965,  White  and  Kellogg  published 
a  fermentation  medium  for  JJ.  gonorrhoeas  consisting  of  GC  medium  base 
and  one  percent  defined  supplement.  The  supplement  indredients  are: 

glutamine  1  gm  ferric  nitrate  50  mgm 

. 2 %  cocarboxylase  1  ml  distilled  water  100  ml 

The  medium  was  prepared  in  screw  cap  tubes  as  slants  and  inoculated  with  a 
2  mm  bacteriological  loop  from  overnight  chocolate  agar  plates.  After 
five  hrs  incubation  the  reactions  could  be  read. 
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Thu  following  media  w»»n»  «*ont| ut d  fur  rapid  fu ni'uitutloiii 


Uhl  t»  %  K«"*  I  1  < •  ;•  mull iun 

Mil  Medium  uli.li  Will  •«>  • ;*uj  pl"»i.«>ni. 

Ill  modi  urn  wl  Ui  WliH^'ii  ;sup|>  lemon  <- 
Mil  medium  with  \%  rabbit  scrum 

Freuhly  l.n>lr»t.»ul  t ra  ln.-t  of  funurrliooa.»  awl  .several  .itralna 
of  {I,  monliurl tldl.-s  were  titiod,  When  all  w*uv  Inoculated  ulUi  a  1!  mm  loop, 
MH  medium  with  While'. -s  supplement  Imd  slightly  more  growth  and  wart  easier 
to  road  In  l'lvo  hr;!.  Dim  set  of  Mil  medium  with  no  arlj»»hyiiratc  wart 
Inoculated  aa  a  i-ontroi  <.n  the  utl  1  izatl  m  of  ,stui  -h,  K  r  .stamping 
jdatort,  rtuaj>on.i1  in  a  uer>-  made  Lit  -saline  with  one  j>«- »*i-»-t,  I.  Tryjjtlonae  3oy 
broth.  Dentil  ly  <f  jj.  imnurrhuoan  wn.:  equivalent  to  Hi  Mw-Karl and 
.-standard  and  N,  iaonlnrltldls  <  'jul va.lont  to  #/,  Ma'-I'ai  lmd,  l!u  more  tluui 
12  rttraina  w-jitj  Inoculate*.  on  •a<,h  plate,  After  five  hr.i,  Intubation 
with  carbon  dioxide,  dextrose  waa  jioultlve  for  all  atralna.  The  colonies 
Wore  yvllow  aa  waa  Ux-  urtoundlng  medium,  Mult-o  uaa  utilized  by  the 
{I,  meningitidis  .strain. •,  All  negative-:  w  e  <|ul  !<•  pink,  MH  medium  with 
Will te •  u  ujjjiK-nent  del  more  (Mouth  than  the  ame  ba  t-  wl  t.h  o:»o  jietvont 
rabbit  -serin. 


g.  Che  tno  uro  pi  .7.1  a  -  dludl<;.s  with  fo  He  -rid  antagonist::. 

A  pr  Kvdure  to  tost  antifolate  >■  impound.:  f  >r  activity  against 
II.  monlmrltldia  -uid  for  ability  t>  pot«-itlate  li,<-  -divLty  >•’'  sulfadiazine 
waa  described  Inat  y-nr,  ilu-  metis  >d,  l.e,  l.-usl.J.iig  a  large  varloty  of 

N.  meningitidis  atralna  against  serial  plate  dilutions  of  the  compounds 
In  question  and  of  imblna*  i  >ns  of  the  comjjound::  and  sulfadiazine,  proved 
extremely  burdensome  ru >  I  time  consuming,  Therefore,  attempts  were  made 
to  simplify  the  procedm.  and  a  till  deriv  data  which  would  be  accurate 
and  indicative  >f  p  t'-ntial  t.hornjieutii:  usefulness. 

A  new  set,  of  1 2  case  strains  waa  i’oninil sited  which  encompassed 
serogroups  A,  B,  C  and  Boshard.  Where  possible,  within  each  serogroup 
strains  were  chosen  which  wor<-  ...uisitivc  to  sulfadiazine  (MIC  =  0,1- 

O, 2  mcg/ml),  resistant  (M.T0  =  1-2  mcg/mJ )  and  highly  resistant  (MIC  = 

>10  mcg/ml).  These  atralna  weir  tv  characterized  barb  rio logically  and 
their  sulfadiazine  patterns  re  chocked.  To  eliminate  the  preparation  of 
large  numbers  of  plate;:  containing  serial  dilutions  of  sulfadiazine  and 
anti-folate  compounds,  the  gradient  concentration  plate  method  of 
Szybalski  was  used.  Gradient  drug  concentrations  prepared  in  this 
fashion  permitted  the  simultaneous  testing  of  .six  strains  against  a  wide 
range  of  drug  concentrations,  on  single  plates. 

This  concentration  gralient.  plate  method  was  used  to  test  ten 
compounds  with  known  binding  activity  for  the  <  nzyme  dihydrofolate 
reductase  involved  in  the  synthesis  of  dihydro  folic  acid  from 
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dihy  drop  to  role  acid.  The  ten  compounda  provided  ly  hurro-  Jis-We  i  1  <-ome 
Co,  wore  tested  in  two  concentration  gradients,  ont  with  b  high 
ooncentratlon  of  10,0  »og/ml  and  the  other  with  a  high  of  1,0  , 

against  six  strains  of  meningococci  which  had  sulfadiazine  MIC  a  of  ii;, 
or  more  mcg/ml,  Seven  of  the  ten  compounds  showed  to  activity  at 
10  mcg/ml  and  were  eliminated.  The  specific  activities  (K1C)  of  the 
remaining  three  compounds  were  then  precisely  defined  In  a  short  series 
of  plate  dilutions.  Plates  were  then  set  up  using  constant  0,1  MIC  of 
test  compourd  in  sulfadiazine  gradients  storting  with  25  meg  and 
6,25  mcg/ml  and  the  reverse ,  gradients  storting  with  10  or  1.0  mug/ml 
of  test  compound  with  constant  1,56  mcg/ml  sulfadiazine  present.  Tills 
latter  concentration  of  sulfadiazine  was  8  to  30  fold  loss  than  the  MIC 
values  of  the  six  test  strains. 

Results  from  the  above  experiments  showed  that  of  the  throe 
u.rroughe-Uollcome  compounds  which  possessed  activity  against  the 
meningococci,  two,  49-171  and  49-272,  wtten  present  at  0.1  MIC  wore 
able  to  reduce  the  sulfadiazine  inhibitory  concentration  by  factors  of 
four  to  eight.  The  results  from  the  third  compound,  48-142,  were 
equivocal.  Conversely  the  inhibitory  concentrations  of  comoounds 
49-171  and  49-272  were  reduoed  by  a  factor  of  two  to  four  in  the 
presence  of  a  low  concentration,  1.36  mcg/ml  of  sulfadiazine.  This 
data  supports  the  conclusion  that  the  antifolate  compounds  which  bind 
the  enzyme  dihydrofolate  reductase,  and  sulfadiazine,  which  acts  at 
another  site,  act  syr.  rgistically  in  the  disruption  of  folic  acid 
metabolism  of  sulfadiazine  resistant  strains  of  N.  meningitidis. 

The  procedure  described  above  has  greatly  simplified  the  testing 
of  antifolate  compounds.  It  has  permitted  the  rapid  and  graphic 
illustration  of  synergistic  activity  against  six  meningococcal  strains 
of  two  classes  of  compounds  on  four  gradient  plates,  two  of  which  are 
controls. 

Selected  compounds  are  being  examined  for  structure-activity 
relationships. 

2,  Investigations  on  mycoplasmas  and  L-phase  variants  of  bacteria. 

Studies  on  the  isolation,  characterization,  identification, 
and  classification  of  Mycoplasma  species,  including  the  T-3train 
mycoplasmas,  and  of  L-phase  variants  of  bacteria  have  been  pursued 
systematically  and  most  of  the  methodology  is  now  directly  applicable 
to  problems  in  clinical  medicine. 

a.  Modified  bacteriologic  techniques  for  the  characterization  of 

Mycoplasma  species. 


Biochemical  characterization  of  mycoplasma  strains  is  a 
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dimple  useful  adjunct  U»  othe.-  (systems  of  Identification  of  Uses* 
organiamu.  Ad  more  and  more  sjxn’ietf  of  mr*  recognised, 

jireolee  oharacu  rlxutlon  of  each  species  in  tema  of  It*  biochemical 
and  physiological  activities  ia  highly  desirable.  In  addition,  simple, 
standerdised  methods  for  such  characterisation  are  essential  for 
preliminary  narrowing  of  the  range  of  possible  species  to  which  a  new 
isolate  might  belong*  As  early  as  the  1950‘a  Edward  and  freundl 
developed  the  basis  for  moat  of  the  biochemical  procedures  currently  in 
4*e.  but  no  attempt  has  slnoe  been  made  to  characterise  under  standard¬ 
ised  conditions  both  the  old  and  the  new  species  and  strains  now 

available. 


The  objecting  of  this  project  were  to  modify  and 
■  tandardlse  existing  bacteriologlc  procedures  and  to  develop  new  tests 
to  extend  the  blo.hemical  basis  for  mycoplasma  identification.  A* )  of 
these  tests  were  then  applied  to  53  strains  comprising  more  than  22 
species  of  mycoplasmas  to  determine  their  efficacy  in  differentiating 
and  characterising  species. 

The  mycoplasmas  used  were  obtained  from  the  American  Type 
Culture  Collection.  The  materials  and  methods  employed  were  described 
in  d>t/ill  elsewhere  (B.  B.  Aluotto.  1969*  Ph.D.  Thesis,  Unlv*  >f  Md. , 
College  Pork,  Md.  )• 

Of  prime  importance  for  the  initial  sorting  of  mycoplasmas 
Into  groups  of  biochemically  similar  species  were  the  tests  for  break¬ 
down  of  urea,  glucose  and  arginine.  This  initial  study  did  not  include 
the  T- strain  mycoplasmas,  which  hydrolyze  urea;  all  the  included  strains 
wore  confirmed  to  be  negative  for  hydrolysis  of  urea.  Thus  the 
mycoplasmas  in  this  study  displayed  one  of  the  following  patterns* 

(1)  Glucose  positive,  arginine  negative. 

(2)  Glucose  positive,  arginine  positive, 

(3)  Glucose  negative,  arginine  positive. 

(4)  Glucose  negative,  arginine  negative. 

Further  subdivisions  within  each  of  these  major  groups  could  be  effected 
by  applying  the  following  tests:  oxidation  or  fermentation  of  glucose, 
reduction  aerobically  and  anaerobically  of  tetrazolium,  tellurite,  and 
methylene  blue,  phosphatase  activity,  production  of  film  and  spots, 
hydrolysis  of  gelatin,  digestion  of  casein  and  coagulated  serum, 
sensitivity  to  optochin,  and  hemolysis  of  sheep  red  blood  cells. 

Although  a  number  of  other  tests  were  investigated,  they 
were  found  to  be  unsuitable  for  purposes  of  characterization  or  differ¬ 
entiation.  Tests  for  hydrolysis  of  tributyrin,  starch,  hippurate,  DNA, 
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And  fJU  wer»  unsatisfactory  because  Uw>  modified  methods  employed 
yieloed  false  reactions.  Modified  imu  for  i«tta!ieo#  ojddano, 
deamination  of  phenylalanine,  hyd^olyolo  of  glimnnU,  and  Uk> 
benzidine  teat  all  gave  negative  results  for  all  of  U»d  strains.  The 
oa  talas#  and  Um  bentldin#  teste  were  apparently  not  nonet  live  enough 
to  detect  positive  reactions  reported  by  other  investigators,  Tenia 
for  production  of  indole,  hydrogen  sulfide,  and  awtylaethylearblnol, 
for  nitrate  reduction,  for  litmus  milk  reactions,  and  the  methyl  red 
test  al*o  yieldid  negative  results  on  all  of  the  organism*  nu4,  thus 
offering  no  help  in  differentiation  of  strains. 

The  reactions,  recorded  in  detail  elsewhere  («i.  iluutto. 
1969*  Ph.D.  Tbeele,  Unlv.  of  Hd«,  College  Park,  Md. ),  provib  '.v> 
charade riietlon  data  for  all  of  the  type  or  representative  strains  of 
myooplnsmm  that  were  Included  In  the  American  Type  Culture  Collection 
at  the  tine  this  study  was  In  progress.  At  least  12  of  the  species 
investigated  produced  distinctive  test  result  patterns.  These  spa-la* 
won  H.  icyultliis,  B-  AlUOhOa*  B*  gate  sc.  B*  hvurhinis. 
d«  aaculoaf.  B.  lffiMOIt  B*  borirhlnle.  #.  C«U*» 

ty.  Xl2Hll^Aft»  d*  *P»  (sheep),  and  B*  bjrisenltallum.  Hany  new  strains 
have  been  added  recently  to  the  Collection,  and  characterisation  of  t)*> 
new  straine  is  now  in  progress.  Th«  results  to  date  on  the  latter 
strains  are  shown  In  Tabid  29. 

By  use  of  the  13  teats  found  to  be  'tillable  for  determining 
biochemical  activity,  together  with  knowledge  of  the  gaseous  environment 
preferred,  and  the  ability  to  grow  in  the  absence  of  serum  and  at  room 
temperature,  an  unknown  mycoplasma  Isolate  could  tentatively  be  assigned 
to  three  or  four  species  at  most.  Application  of  the  growth  Inhibition 
test  (preferably  along  with  other  types  of  serologic  tests)  using  anti¬ 
serum  to  the  three  or  four  moat  probable  species  should  in  nos l  cases 
identify  the  organism,  or  slse  Indicate  that  it  Is  a  species  or  sub¬ 
species  unlike  any  of  tho  roferuiKv  *  trains* 

It  is  a  generally  scoepted  requirement  that  neu  b-.cterlal 
isolates  and  strains  be  characterised  ai  fully  is  possible  biochemically 
and  biologically  when  studies  on  such  organisms  are  published.  Thus, 

It  would  seem  to  be  equally  dosirable  and  important  that  newly  Isolated 
or  unusual  mycoplasma  strains  be  similarly  characterized  using  standard¬ 
ized  methods  that  could  readily  be  duplicate!  by  other  laboratories. 

The  methods  and  results  described  in  this  investigation  could  serve  as 
one  framework  of  reference  when  characterization  of  new  strains  is 
undertaken. 


Furthermore,  the  above  methods  are  now  being  used  routlnoly 
in  this  laboratory  on  clinical  isolates  and  are  allowing  specific 
identification  of  such  isolates  to  be  made  much  more  rapidly  than  l  \ 
the  past. 
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Differential  physiologic  reactions  display**!  by  recently  aoa-.il red  aye. 
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A  somewhat  similar  scheme  for  characterization  is  also 
being  developed  for  the  urea-hydrolyzing  T-strain  mycoplasmas,  which  to 
date  have  been  distinguished  from  each  other  solely  on  the  basis  of 
immunologic  differences. 

b.  Molecular  genetic  studies  on  mycoplasmas  and  L-phase  variants  of 
bacteria. 

The  WRAIR  Annual  Report  for  1968  presented  the  preliminary 
Tm  values  for  23  Mycoplasma  strains,  19  of  which  were  type  or  representa¬ 
tive  strains.  The  study  has  been  expanded  to  include  a  total  of  25 
Mycoplasma  strains  and  six  L-phase  variant  strains.  Tm  values  were 
determined  for  five  control  organisms,  a  standard  curve  derived,  and 
final  base  ratio  {%  guanine  +  cytosine)  values  calculated.  The  results 
are  given  in  Table  30. 


The  base  composition  values  obtained  for  most  of  the  type 
or  representative  strains  of  Mycoplasma  correlated  well  with  those  of 
other  strains  of  the  respective  species  examined  in  other  investigations. 
Likewise  %  G+C  values  for  five  of  the  six  L-phase  variants  fell  within 
the  respective  G+C  range  of  the  classical  bacterial  form  of  the  species. 


Streptobacillus  moniliformis  L-phase  variant,  LI  Rat  30,  was 
found  to  have  a  base  ratio  of  23.9$  G+C,  the  lowest  value  recorded  to 


date  for  a  member  of  the  Schizomvcetes.  and  as  low  as  values  previously 
considered  unique  to  some  members  of  the  class  Mo  Hi  cutes.  Inter¬ 
pretation  of  this  finding  awaits  base  ratio  data  on  the  bacillary  phase 
of  S.  moniliformis  strains. 


These  results  contribute  data  pertinent  to  the  characterisa¬ 
tion  of  the  strains  investigated  and  provide  referenoe  criteria  for 
identification  and  classification  of  new  strains. 

An  experiment  to  evaluate  the  applicability  of  base  ratio 
determination  by  hyper  chromic  spectra  analysis  (Hirschaan  4  Felsenfbld, 
J.  Mol.  Biol.,  16:347,  1966)  were  initiated  simultaneously  with  the  Ik 
studies.  Aliquots  of  ENA  were  taken  from  a  single  SNA  extraction  of 
each  strain  and  used  for  base  composition  derivation  by  both  nathods. 
Thirty  strains,  including  21  Mycoplasma. two  L-phase  variants  each  with 
its  parent  form,  two  other  L-phase  variants,  and  three  bncterlal  strains 
were  examined  by  the  two  methods.  The  resulting  base  ratio  values  and 
differences  in  values  by  the  two  methods  are  presented  in  Table  31. 

Correlation  of  %  G+C  values  obtained  fay  the  two  aethods  was 
good.  Twenty-six  of  the  30  samples  showed  differences  fay  ths  two 
methods  of  less  than  the  3%  0+C  maximum  error  expected.  The  four 
remaining  samples  differed  by  3.1  to  5.9  %  O+C  but  were  still  Isms  then 
the  b%  error  found  between  the  Tm  method  and  still  another  method. 
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Table  30.  DNA  base  composition  values  of  qycoplasmas  and  L-phase 
variants. 


Organism 

ATCC  No. 

Strain 

Tm(°C)a 

%  G+0b 

l^yooplasmas  t 

M.  arthritidis 

19611° 

PG6  (Preston) 

82.97 

31.3  2  0.2 

M.  boTlgenitalium 

19®52c 

PG11  (B2) 

82.58 

30,4  2  0.2 

K.  bovirhinis 

19884° 

PG43  (5*331) 

80.38 

25.4  1  0.3 

H.  falls 

23391° 

00 

80.26 

25.2  2  0.2 

K.  fermantans 

19989° 

PG18  (G) 

81.81 

28.7  2  0.4 

M.  gal  Unarm 

19708° 

PG16  (Fowl) 

81.06 

27.0  2  0.7d 

K.  galli septi cum 

19610° 

PG31  (195) 

83.17 

31.8  1  0.2 

M.  gate  as 

23392° 

CS 

81.71 

28.5  2  0.1 

K.  histotropicum 

23115 

Sabin  Type  C 

82.02 

29.2  1  0.6 

M.  hominis,  Type  1 

23114° 

PG21  (H50) 

82.03 

29.2  2  0.1 

M.  Inara 

19705° 

PG30  (H) 

82.01 

29.1  2  0.2 

M.  laidlawii 

23206° 

PG8  (Sewage  A) 

83.69 

33.0  2  0.1 

H.  laidlawii 

23217 

P09  (Sewage  B) 

83.42 

32.4  1  0.2 

M.  neurolyticun 

19988° 

Sabin  Type  A 

80.72 

26.2  2  0.1 

M.  orale,  Type  1 

23714° 

<219299 

81. 44 

27.8  2  0.4 

K.  orale,  Type  2 

23636° 

(220247 

80.69 

26.1  2  0.2 

M.  pharyngia 

15544 

Patt 

79.70 

23.9  2  0.2 

K.  pneumoniae 

15531° 

FH 

86.74 

39.9  t  0.4 

M.  pulmonis 

19612° 

PG34  (Ash) 

81.48 

27.9  2  0.3 

H.  sail v aril® 

23064° 

PG20  (H110 ) 

82.99 

31.4  1  0.1 

M.  spi— na 

19526° 

PG13  (048) 

81.79 

28.6  2  0.2 

M.  sp.  (dog) 

23462 

PG24  (C21) 

82.04 

29.2  2  0.1 

M.  sp.  (goat) 

15718 

C30  KS-1 

81.90 

28.9  1  0.2 

H.  sp.  (human} 

15497 

Naval 

80.97 

26.8  2  0.4 

N.  sp.  (sheep) 

23243 

67-166 

81.17 

27.2  2  0.2 

L- phase  variants i 

Goryne bacterium  sp. 

23831 

D-Campo  3-L 

97.17 

63.7  2  0.2 

Staphylococcus  aureus 

19640 

Smith  L 

83.46 

32.4  2  0.5 

Streptobacillua 

14075 

U  Rat  30 

79.72 

23.9  2  0.1 

moniliformis 

Streptococcus  fee calls 

23242 

G-K  L  (T53) 

85.97 

38.2  2  0.2® 

Streptoooccua  pyogenes 

19563 

Richards  L 

85.55 

37.2  2  0.3 

Streptococcus  sp. 

19617 

Bruno  L 

37.2  2  O.lf 
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Table  30.  (Continued) 


a  -  Tm  expressed  as  the  mean  of  three  or  more  thermal  denaturation 
curves. 

b  -  DMA  base  composition  values  expressed  as  the  molar  ratio  of 

guanine  +  cytosine  X  100/adenine  +  thymine  +  guanine  +  cytosine 
with  standard  deviation  of  mean.  The  standard  regression  curve 
by  which  %  G+C  values  were  derived  was  obtained  using  the 
chemically  determined  base  ratio  values  given  by  McGee  and  the 
following  Tm  values i  Dinloooccua  pneumoniae  (86.31),  Escherichia 
CQii  (91.05),  g.  gal  1 Isanti cum  f81.7A)  Neisseria  meningitidis 
(91.48)  and  Proteus  mirshiiis  (86.41). 

c  -  Type  or  representative  strain. 

d  -  A  difference  of  greater  than  2.8%  G+C  in  the  base  composition 

values  of  two  organisms  is  significant  using  the  largest  standard 
deviation  encountered  (0.7%  G+C)  and  95%  confidence  intervals  to 
determine  significance. 

e  -  Values  for  parent  streptococcus  G-K  (B14)  are  Tm»85.46°C  and 
G+C i 37.0  *  0.2 %  (data  of  this  laboratory). 

f  -  Unpublished  data  of  Zell  A.  McGee. 
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Table  31*  Covp&rlaon  of  ERA  bear  coapoaitlon  valuea  derived  from  hjparchroadc  apactra  with  values 
dar'ved  fro*  Ta'a. 
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i.e.  buoyant  density  (Murium*  and  Doty,  J.  Mol.  Bio].,  jj:109,  1962). 
Variation  between  the  values  was  random,  nonlinear,  and  independent  of 
any  particular  G+C  range.  (Marniur  and  Doty  found  their  greatest 
deviation  between  Tm  and  Buoyant  density  values  when  the  guanine- 
cytosine  content  was  below  33$. ) 

Reproducibility  is  not  as  good  by  the  hyperchromic  method 
as  it  is  by  the  Tm  method.  Where  the  highest  standard  deviation  by 
hyper chromi city  is  3.7$  G+C,  the  greatest  deviation  by  Tm  is  only  1$ 
G+G.  Furthermore,  the  degree  of  deviation  by  the  hyperchromic  method 
shows  no  correlation  with  the  degree  of  difference  between  G+C  values 
by  the  two  methods,  i.e.  they  are  independent  of  one  another  leaving  no 
explanation  for  the  variation  within  the  one  system  as  well  as  between 
the  two  systems.  Therefore,  where  a  quick  estimate  of  base  composition 
is  desired,  the  hyperchromic  spectra  analysis  method  of  determination 
can  be  useful.  However,  where  more  accurate  and  more  reliable  results 
are  required  for  characterization  of  Mycoplasma  and  L-phase  variant 
strains  the  I'm  method  is  preferred. 

c.  Type  cultm*e  collection  of  mycoplasmas  and  L-phase  variants  of 
bacteria. 


The  collection  of  mycoplasmas  and  L-phase  variants 
developed  by  the  American  'type  Culture  Collection  and  Walter  Reed  Army 
Institute  of  Research  has  continued  to  increase  in  size  and  diversity. 

It  contains  26  named  species  and  many  still  unnamed  species,  including 
a  prototype  T-strain  mycoplasma.  In  all  69  strains  of  mycoplasmas  are 
available  from  the  collection,  and  more  than  20  other  strains  are  stored 
at  WRAIR  while  awaiting  processing  and  submission  to  the  collection.  In 
addition,  the  collection  now  includes  21  strains  of  L-phase  variants,  18 
strains  of  their  parent  bacteria,  and  9  strains  of  their  revertant 
bacteria. 


A  new  policy  for  the  acquisition  of  strains  by  the  ATCC  has 
been  established.  The  earliest  pure  culture  passage  from  the  initial 
isolate  of  each  strain  is  obtained  directly  from  the  original  investi¬ 
gator.  Formerly,  pure  cultures  of  later  passages  carried  by  secondary 
recipients  of  the  strain  were  accepted  by  the  ATCC. 

Several  significant  improvements  in  preparation,  lyophili- 
zation,  and  storage  of  mycoplasmas  and  L-phase  variants  have  increased 
the  yield  of  viable  organisms  after  freeze-drying  and  greatly  reduced 
the  number  of  seed-stock  replenislunents  required.  As  reported  last 
year,  the  use  of  the  one-step  manifold  method  of  lyophilization  allows 
90  vials  of  a  given  strain  to  be  freeze-dried  at  one  time.  These  vials 
are  stored  at-70°C  instead  of  +4°C,  so  that  viability  is  extended  for 
many  years.  During  the  current  year  only  three  strains  of  mycoplasma 
and  one  L-phase  variant  strain  required  seed-stock  replenishment. 
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A  nrelinL  nary  study  has  been  conducted  on  the  viability  of 
mycoplasmas  lyophilized  in  the  presence  and  absence  of  sucrose.  Broth- 
grown  cultures  were  harvested  by  centrifugation  and  resuspended  at  15- 
times  concentration  in  broth  medium  without  sucrose  and  in  broth  medium 
containing  12%  (w/v)  final  concentration  of  sucrose.  Samples  of  each 
suspension  were  withdrawn  before  and  after  lyophilization,  serially 
diluted,  plated  on  appropriate  agar,  and  the  colony  forming  units 
counted. 

Table  32  presents  a  sumaary  of  the  colony  counts  performed 
on  nine  different  strains  of  mycoplaama3.  The  colony  counts  of  strains 
lyophilized  in  the.  presence  of  sucrose,  when  compared  with  those  lyophi¬ 
lized  without  sucrose,  were  high  in  eight  of  the  nine  strains  studied. 
Only  one  strain  (Mycoplasma  hnvimac.tj  t.i,H  )  showed  a  slightly  lower 
count  when  freeze-dried  in  the  presence  of  sucrose. 

Two  L- phase  variants  ( Co rvne bacterium  ap,  D-5-L  and 
Corvnebacterlum  sp.  D  Campo-B-L),  which  were  suspended  and  lyophilised 
in  a  suspension  of  12%  (w/v)  sucrose  ♦  1%  (v/v)  horse  serum  (no  base 
medium  included),  yielded  after  freeze-drying  counts  of  3»5  X  10?  and 
4,4  X  10?  organisms  per  ml.  respectively.  Comparative  studies  were  not 
performed,  but  heretofore  many  unstable  L-phase  variants  prepared  by 
this  laboratory  had  uot  been  found  to  survive  free *e -drying.  Lyophi¬ 
lization  in  the  presence  and  absence  of  sucrose  will  be  continued  for 
all  strains  submitted  to  the  ATCC  until  sufficient  comparative  data  la 
available  to  verify  these  preliminary  findings. 

Pertinent  data  on  tne  current  status  of  the  culture 
collection  is  summarized  below: 


Number  of  colony  counts  and  purity  tests  performed  236 

Number  of  vial 3  of  mycoplasmas  supplied  by  ATCC  to 
investigators  throughout  the  world  179 

Number  of  vials  of  L- phase  variants  supplied  by 

ATCC  to  investigators  throughout  the  world  16 

Number  of  vial 3  of  myeoplanaat.  and  L- phase  variants 
supplied  to  investigators  at  WRA1R  or  other  military 
installations  86 


The  total  number  of  cultures  supplied  by  ATCC  to  military 
installations  free  of  charge  represented  a  significant  contribution  to 
the  military. 
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It  is  worth  noting  that  the  ATCC  mycoplasma  collection  is 
the  only  one  known  in  which  near1/  every  n train  ia  fully  characterised 
in  terse  of  its  G-*-C  ratio  and  biochemical  activities.  Work  is  now  in 
progress  to  obtain  significant  lasnunologic  information  on  each  of  these 

strains. 


3. 


Bacterial  flora  of  the  mid-gut  of 


(India). 


Chao  and  Uistrich  examined  the  mid-gut  sections  of 
mil nnm» f a3 clatur  and  fourth- in 0 tar  larvae  for  b*v  terlal  flora.  A 
Bacillus  sp.  and  a  yeast  Saccliaruavoes  sp.  were  the  only  organisms 
isolated  from  the  larvae.  Isolates  from  adul;s  included  Flavobactcrlum 
sp.,  Klebsiella  sp. ,  Micro ooccip  caseolv  ;  -ua  (Arans),  and  a  Pseudomonas. 
Jadlin  Isolated  a  Pseudomonas  (photosyntl..* tie  purple  pigmented  species ) 
from  the  mid-guts  of  Anonliclc.  quadric, cola tu^  and  durentl.  This 
organism  contained  a  number  of  amino  acids  required  for  the  development 
of  the  sporoaoltes  of  bcrrtv  i.  To  data,  very  little  has 

been  done  on  the  role  of  the  bacterial  flora  In  the  den*lo|sa*nt  of 
sporosoitea. 


A  pilot  study  w&.  carried  out  with  Captain  Pcnch  of  the  Dept, 
of  &tomolo0r  an  the  isolation  and  Identification  of  the  predominating 
organisms  in  the  mid-gut  of  Anonhe lc a  r-tc  phonal  (India),  host  for  simian 
and  human  malaria,  particularly  Plasm  dim  falcinarum. 

Six  females  were  used  for  each  group  studied.  The  following 

schedule  war-  used  I 


A.  Ho  meal  (newly  emerged) 

B.  Sugar  meal,  10£  sucrose,  3  day  old  adults, 

C.  Blood  meal  (specimens  takes*  lnsM*dintely  after  feeding) 

D.  24  hra.  after  blood  meal. 

E.  l?  hr s.  after  blood  mead. 

F.  72  ore.  after  blood  meal . 

C.  9b  hrs.  after  blood  meal. 


Seventy  percent  ethanol  war  used  for  surfanr  sterilisation. 
Slides  and  instruments  were  autoclaved.  Mi  mid -gut  va-  dropped  Into 
1  ml  of  starlla  Heart  Infusion  Bro'di  (Difoo),  arunM,  and  the  following 
media  inoculatedi 


Gasman's  Blood  Agar 

Chocolate  Brain  Heart  Infusion  (HN1)  Agnr 
Thic glycol  late  Broth 

toitaUift  matoji 

Gasman's  Blood  Agar  -  37  C  arrobl oal ly,  *na»r<<bi  *al  )y 

JO  C  aerobically,  anaerobically 
23  C  aerobically,  anneroblcel ly 


Chocolate  Agar  -  37  C  with  carbon  dioxide 
Thioglycollate  Broth  -  37  C 

All  subcultures  with  no  growth  were  incubated  for  a  maximum  of 
five  days  before  discarded.  Before  the  initial  blood  meal  10  ml  of 
sterile  heart  blood  was  obtained  from  the  rabbit  and  subcultured  as  a 
control. 


UhAIR  No.  23  -  Rabbit  blood  -  no  growth  after  5  days  incubation 
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4.  Specimens  submitted  24  hrs.  after  blood  meal. 


WRAIR  No.  39  -  Specimen  #1  Pseudomonas  aeruginosa 

Enterobacter  cloacae 


40  - 

1! 

#2  Serratia  marcescens 

41  - 

II 

#4  Serratia  marcescens 

Enterobacter  cloacae 

42  - 

II 

#5  Enterobacter  cloacae 

Serratia  marcescens 

43  - 

11 

#6  Serratia  marcescens 

44  - 

II 

#7  Serratia  marcescens 

Enterobacter  cloacae 


5.  Specimens  submitted  48  hrs.  after  blood  meal. 


WRAIR  No.  46 
47 

43 

49 

50 
53 


Specimen  #1  Serratia  marcescens 

"  #2  Serratia  marcescens 

Ei  Lsrobacter  aero  genes 
"  y/3  Serratia  marcescens 

"  #4  Serratia  marcescens 

Pseudomonas  sp. 

"  #5  Enterobacter  cloacae 

Pseudomonas  sp. 

"  #6  Enterobacter  cloacae 

Serratia  marcescens 


6.  Specimens  submitted  72  hrs.  after  blood  meal. 


WRAIR  No.  52  -  Specimen  #1  Serratia  marcescens 


53  -  " 

54  -  " 

55  - 

56  -  " 

57  -  " 

7.  Specimens  submitted  96 


#2  Serratia  marcescens 
Enterobacter  cloacae 
#3  Serratia  marcescens 
#4  Serratia  marcescens 
#5  Enterobacter  aero genes 
Enterobacter  liqusifaciens 
Serratia  marcescens 
#6  Serratia  marcescens 

hrs,  after  blood  meal . 


WRAIR  No.  58 

59 

60 
61 
62 
63 


-  Specimen  #1 

#2 

"  #3 

#4 

#5 

!'  #6 


Serratia  marcescens 
Serratia  marcescens 
Serratia  marcescens 
Serratia  marcescens 
Pseudomonas  sp. 
Serratia  marcescens 
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A  few  Micrococci,  Corynebacterium,  and  a  Bacillus  sp.  were  seen 
in  some  of  the  original  smears  but  none  were  recovered  in  subcultures. 
Experiments  designed  to  measure  the  role  of  the  predominating  bacterial 
species  in  relation  to  the  sporozite  population  are  being  considered. 

4.  Immunology  of  viral  infections. 

a.  Serologic  diagnosis  of  influenza  by  SAFA  test. 

Clinical  diagnosis  of  viral  diseases  is,  with  rare 
exceptions,  merely  an  educated  guess.  Precise  etiologic  diagnosis 
requires  ^laboratory  assistance  and  is  usually  not  available  in  general 
hospitals.  Attempts  to  develop  simple  serologic  tests  wnich  could  be 
performed  in  routine  laboratories  have  been  under  study.  The  SAFA 
(soluble  antigen  fluorescent  antibody)  technique  has  been  investigated 
as  a  serologic  test  for  influenza  infection. 

(l)  Methods. 

(a)  Whole  virus  antigen;  Two  strains  of  Asian  Influenza, 
A2/Jap/305/57  and  A2/HK/19/68  were  used  in  this  study.  These  viruses 
were  grown  in  the  allantoic  3ac  of  nine  day  old  chick  embryos.  Each 
egg  was  inoculated  with  0.1  ml  of  a  10“4  dilution  of  stock  virus.  The 
eggs  were  incubated  at  37  C.  for  4 8  hrs.  then  harvested.  In  preliminary 
studies  crude  allantoic  fluid  virus  was  used  as  the  SAFA  antigen.  In 
later  experiments  the  virus  harvest  was  adsorbed  twice  onto  Human  "0" 
red  blood  cells  (0.1  ml  packed  cells/10  nl  allantoic  fluid)  at  4  C.  for 
l£  hours.  The  agglutinated  Calls  were  removed  by  low  speed  centrifu¬ 
gation  at  4  C.  and  the  cells  washed  onoe  with  cold  pH  7.2  PBS.  The 
virus  wa;i  eluted  into  small  volumes  of  pH  7.2  PBS  over  a  period  of  5-6 
hrs.  at  37  C.  The  virus  was  further  purified  by  differential  centrifu¬ 
gation  as  follows;  (i)  a  3,000  rpm  centrifugation  for  30  min.  at  room 
temperature  immediately  after  the  rbc's  were  removed;  (2)  a  10.000  rom 
(12,100  G)  centrifugation  for  30  min.  at  4  C, ;  and  (3)  finally, 
centrifugation  at  25,000  rpm  (56,573  G)  for  3  hr3.  at  4  C.  to  pellet 
the  vinos.  The  vinos  pellet  was  resuspended  in  pH  7.2  PBS. 

(b)  Type  and  group  specific  influenza  antigen:  Several 
methods  for  releasing  the  HA  antigen  from  the  intact  viron  have  been 
described  in  the  literature.  (Laver,  Virology  .£0:251,  1963;  Lief  and 
Henle,  Virology  2:753,  1956;  Davenport  et  al,  J.  Expt.  Med.  112:765. 
I960;  Mi z a tan i  et  al,  Virology  ^2:210,  I960;  Hobson,  J.  Expt.  Path. 
4LH:257.  1966).  The  method  of  Laver  losing  sodium  deoxycholate  wao 
tried  on  several  occasions  with  no  success.  Influenza  viral  antigen 
was  prepared  by  a  combination  of  the  methods  of  Lief  and  Henle  and 
Misutani  et  al.  The  method  is  as  follows:  One  volume  of  purified 
influenza  vinos  was  treated  with  three  volumes  of  anesthetic  ether  for 

2  hrs.  at  4  C.  Agitation  was  accomplished  by  use  of  a  magnetic  stirrer, 


and  the  phases  were  separated  using  a  separatory  funnel.  Exoess  ether 
was  removed  by  drawing  air  over  the  aqueous  phase  overnight. 

The  hemagglutination  (HA)  antigen  was  removed  from  the 
soluble  antigen  by  adsorbing  the  former  onto  human  ”0"  sells  (0.1  ml  of 
packed  rbc's  was  added  to  10  ml  of  ether  treated  virus  for  1  hour  at 
4c).  The  cells  were  removed  by  low  speed  centrifugation,  washed  once 
with  cold  pH  7.2  PBS,  then  the  antigen  was  eluted  into  a  small  volume 
of  PBS  over  a  period  of  2  hrs. 

(c)  SAFA  test i  The  improved  SAFA  test  described  by 
Toussaint  (Expt.  Parasit.  12:71,  1966)  was  used  with  one  modification 
in  the  preparation  of  the  antigen  disc.  The  method  of  Toussaint 
recommends  that  the  ^  in.  in  diameter  cellulose  acetate  disc,  used  as  a 
matrix  for  the  antigen,  be  immersed  in  the  antigen  solution  for  30 
seconds  then  allowed  to  dry  overnight.  However,  when  crude  allantoic 
fluid  influenza  was  applied  in  this  manner  only  a  small  amount  of  the 
antigen  adsorbs  to  the  disc  and  the  antigen  did  not  adsorb  uniformly 
over  the  entire  surface  of  the  disc.  The  first  modification  tried  was 
to  filter  the  crude  virus  through  a  0.45  P  Millipore  membrane.  An  HA 
test  was  performed  on  the  material  before  and  after  filtration  to 
determine  how  much,  if  any,  of  the  antigen  was  adsorbed  to  the  disc. 

The  HA  results  showed  that  only  2  of  the  original  16  units  present  were 
adsorbed  onto  the  membrane.  This  result  was  not  unexpected  because 
ELford  (J.  Path.  Bacteriol.  34:505.  1931)  recommended  that  viruses 
should  be  suspended  in  proteinaceous  dilluents  to  prevent  non-specific 
adsorption  of  the  virus  to  the  collodion  membranes  used  for  sizing 
viruses,  allantoic  fluid  influenza  virus  is  nothing  more  than  a  protein 
suspension  of  virus. 

Wallis  and  Melnick  (Ball.  Wid.  Hlth.  Org.  2£:219, 

1967;  J.  Virol.  1:472,  1967)  found  that  organic  material  in  polio  virus 
harvested  from  cell  culture  and  the  organic  material  found  in  raw  sewage 
contained  a  membrane  coating  compound  (MCC)  which  prevents  polio  virus 
from  being  adsorbed  to  Millipore  membranes.  They  later  found,  however, 
that  when  low  concentrations  of  NaCl  or  MgCl^  were  added  to  the  above 
types  of  samples  that  polio  virus  was  effectively  adsorbed.  It  seemed 
probable  that  allantoic  fluid  also  contained  MCC,  so  allantoic  fluid 
virus  was  diluted  in  0.15M  NaCl,  then  filtered  through  a  0.45  p  Millipore 
membrane .  The  results  of  this  experiment  are  shown  in  Table  33* 

Thus,  discs  for  the  following  experiments  ware 
prepared  by  filtering  a  saline  solution  of  intact  influenza  virus 
through  a  0.45  Millipore  membrane.  The  membrane,  after  filtration, 
was  removed  from  its  holder,  placed  on  a  piece  of  filter  paper  and 
allowed  to  dry  overnight.  The  i  in.  discs  were  punched  out  Just  prior 
to  doing  the  test. 
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Table  33.  The  effect  of  sodium  chloride  on  the  adsorption  of 
influenza  virus  in  allantoic  fluid  to  a  Mil li pore 

membrane . 

Dilution  of  virus  Units  of  HA  activity  Units  of  HA 

in  0.15K  NaCl  before  filtering  activity  adsorbed 


Undilute  128 

1*5  64 

1*10  32 

li20  16 

ls40  8 


Ultra centrifugation 
pellet 


1 

2 

4 

16 

8 


128 


128 


(d)  Hemagglutination  Inhibition  Tests  The  micro¬ 
hemagglutination  inhibition  test  was  performed  basically  as  described 
by  Sever  (J.  Immunol.  88:320,  1962).  Group  "0"  human  red  blood  cells 
were  used  in  the  test  and  the  tests  were  read  after  standing  at  room 
temperature  for  60  min.  (Hilleman  and  Werner,  J.  Immunol.  71:110. 

1953).  The  sera  were  treated  with  receptor  destroying  enzyme  (Mulder  et 
al. ,  Ant.  von  Leeunwenhoek  32:145,  1952)  prior  to  testing  to  remove  non¬ 
specific  inhibitors  of  hemagglutination. 

(2)  Results. 

Acrite  and  convalescent  serum  pairs  from  patients 
showing  a  rise  in  antibody  by  HI  or  CF  to  A2/Jap,  A2/HK  or  B  influenza 
were  used  to  evaluate  the  SAFA  test. 

The  results  in  Table  34  show  that  in  the  homologous 
A2/Jap  system  the  fluorometer  dial  reading  (FDR)  of  the  convalescent 
serum  of  each  pair  was  significantly  higher  than  the  acute  sera.  This 
increase  in  FDR  was  in  agreement  with  the  rise  in  antibody  shown  by  the 
HI  test.  It  can  also  be  noted  that  even  though  the  above  patients  have 
no  HI  antibody  to  the  A2/HX  virus  the  convalescent  sera  of  all  three 
pairs  showed  an  increased  FDR  over  the  acute  when  the  SAFA  test  was  run 
using  the  A2/HK  virus  as  the  antigen.  The  increase  in  FDR  seen  with 
sera  from  patients  with  A 2/ Jap  infections  was  always  higher  in  the 
homologous  system  even  though  heterologous  cross  reactivity  was  seen. 

In  the  A2/HK  homologous  system  the  convalescent  serum 
of  each  pair  also  showed  an  increase  in  FDR  over  the  acute,  which  was 
in  agreement  with  the  HI  results.  Cross  reaction  was  seen  when  these 
sera  were  reacted  with  the  A2/Jap  antigen.  Both  the  acute  and 
convalescent  sera  of  all  three  patients  tested  showed  strong  reactions 
with  the  A2/Jap  antigen,  indicating  a  previous  exposure  to  the  A2/Jap 
antigen.  Two  of  the  three  patients  tested  showed  an  HI  antibody  rise 
to  the  A2/Jap  antigen)  these  also  showed  a  change  in  FDR  in  the  SAFA 
test.  The  third  patient  showed  no  increase  in  HI  or  change  in  FDR  to 
the  A2/Jap  antigen.  It  is  of  interest  that  the  two  patients  with  the 
HI  rise  to  the  A2/Jap  antigen  showed  a  greater  change  in  FDR  to  this, 
the  heterologous  antigen,  than  to  the  homologous  antigen.  The  higher 
FDR  in  the  heterologous  system  may,  however,  be  due  to  antigen 
concentration  since  the  test  contained  1024  units  of  A2/Jap  virus  and 
only  128  units  of  A2/HK  virus. 

Table  34  shows  that  when  the  SAFA  test  was  performed 
on  two  different  days  the  FDR  reading  was  quite  different.  This 
difference  was  possibly  due  to  the  antigen  preparation.  The 
concentration  of  antigen  in  both  tests  was  approximately  the  same,  how¬ 
ever,  the  antigen  used  in  the  first  test  was  a  cleaner  preparation. 

The  second  antigen  still  contained  traoes  of  hemoglobin  from  the 
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purification  procedure.  This  oould  possibly  have  blocked  part  of  the 
antigen-antibody-fluorescein  antihuman  globulin  reaction. 

The  paired  sera  from  patients  who  showed  only  B 
Influenza  antibody  rise  by  either  the  HI  or  the  CF  test  showed  only  a 
very  small  change  in  FDR  to  either  of  the  A2  antigens.  Both  the  acute 
and  convalescent  rera  of  these  patients  reacted  to  about  the  same  extent 
with  both  of  the  A2  antigens  indicating  the  possibility  of  a  previous 
exposure  to  an  A2  influenza  strain;  in  two  of  the  three  individuals  ar. 
unchanged  CF  or  HI  titer  was  shown  with  the  A 2  antigen. 

Because  of  cross  reactions  the  SAFA  test  using  whole 
virus  antigens  can  not  be  used  to  show  a  strain  specific  A2  influenza 
antibody  rise.  In  order  to  try  to  make  the  test  strain  specific,  the 
HA  and  the  soluble  antigens  were  released  from  the  intact  viron  using 
ether.  The  antigens  were  separated  by  the  adsorptions lution  of  the  HA 
antigen  onto  human  "0"  rbc.  Neither  the  HA  nor  the  soluble  antigens 
showed  any  reactivity  in  the  SAFA  test.  The  inactivity  of  these  antigens 
may  be  due  to  insufficient  concentration  or  purity;  the  HA  antigens  were 
heavily  contaminated  with  hemoglobin  from  the  rbc  adsorption. 

(3)  Conclusions. 

The  above  results  Indicate  that  even  though  the  SAFA 
test  in  its  present  form  cannot  be  used  to  differentiate  between  A2 
influenza  strains  it  can  probably  be  used  to  differentiate  between  an 
A2  and  a  B  influenza  infection. 


Thr  serum  antibody  response  of  23  individuals  with  adeno¬ 
virus  infection  (types  4,  1,  6  and  7)  was  studied.  Neutralizing  anti¬ 
body  tests  correlated  well  with  radio  immunodiffusion;  the  latter 
technique,  however,  offered  the  advantages  of  simplicity  and  distinct 
separation  of  specific  immunoglobulin  antibodies.  The  antigen  used  in 
radioimmunodiffusion  measured  group  rather  than  type  specific  adeno¬ 
virus  antibody. 

Only  four  patients  demonstrated  a  serum  response  consisting 
of  early  macroglobulin  antibody  development  followed  by  and  then 
replaoed  by  IgG.  The  majority  of  individuals  showed  a  prolonged  IgM 
response  accompanied  by  high  titered  IgG  antibody.  IgA  serum  antibody 
developed  in  almost  all  the  patients.  Following  type  4  adenovirus 
infection  nasal  secretory  antibody,  both  IgA  and  IgG,  but  not  IgH,  was 
detected  at  the  same  time  or  within  a  week  of  the  detection  of  serum 
antibody  and  was  universally  found  in  the  35  individuals  studied. 
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Summary  and  conclusions! 


The  meningococcal  meningitis  investigations  have  shown  increasing 
prevalence  of  group  C,  sulfadiazine  resistant  strains  as  the  cause  of 
disease  in  the  Army;  approximately  85  percent  of  recent  cases.  Carrier 
surveys  have  shown  variations  in  rates  in  Army  recruits  in  different 
training  companies  and  at  different  posts.  The  reduced  group  C  carrier 
rates  among  vaccinated  recruits  observed  last  year  were  confirmed, 
although  the  effect  is  seen  only  when  controls  have  high  group  C  carrier 
rates,  over  35  percent.  It  was  found  that  dispersal  of  meningococci  by 
new  carriers  is  greater  than  that  of  chronic  carriers.  Studies  of 
meningococcal  endotoxins  are  in  preliminary  stages  in  which  techniques 
for  extraction  and  analysis  are  being  developed.  The  polysaccharide  of 
the  Bo shard  sero group  has  been  isolated  and  purified  and  has  been  shown 
to  be  distinct  from  the  classical  sero groups  A,  B  and  C  but  to  be 
identical  to  that  of  sero group  I.  Bactericidal  tests  have  shown  that 
antigenic  similarities  and  differences  among  strains  of  sero group  C  can 
be  identified.  Isolation  techniques  and  Ijj  vitro  antibiotic  tests  are 
under  development. 

Studies  on  classical  mycoplasmas,  T-a train  mycoplasma*,  and  L-phaae 
variants  of  bacteria  have  dealt  with  development  and  1^3 rove men t  of 
methods  for  characterization  and  identification  of  strains,  and  with 
resolution  of  various  problems  in  classification  by  use  of  molecular 
genetic  techniques.  All  type  and  representative  strains  of  mycoplasmas 
and  reference  strains  of  L- phase  variants  in  the  American  Type  Culture 
Collection  have  been  fully  characterized  in  terms  of  their  diagnostically 
significant  biochemical  reactions  and  DNA  base  compositions.  Current 
emphasis  is  now  directed  to  improved  and  standardised  methods  for 
isolation  of  the  above  groups  of  organisms  from  clinical  specimens  and 
their  rapid  identification  by  biochemical  and  serological  methods. 

The  bacterial  flora  of  the  odd  gut  of  mosquitos  (A*  a >» chans!) 
has  been  characterized,  thus  paving  the  way  for  studies  of  the  relation¬ 
ship  of  this  flora  to  experimental  malarial  sporozoite  development.  A 
new  serologic  test  (SAFA)  for  influenza  can  differentiate  type  A  from 
type  B  infections.  Serum  and  nasal  antibodies  develop  in  all  recruits 
naturally  infected  with  type  4  adenovirus. 
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(U)  Convent IomI  epidemiological  and  microbiological  technics  ere  weed.  Cryogenic 
technics  used  to  develop  net  hods  for  preserving  organises.  1—su Hoc hen leal  net hods 
used  to  dof Ine  antibody  components  in  entisero  free  patients  and  Innun i  ted  an  Inals . 
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sapor imentel  hosts.  Isolates  from  South  African  swine  associated  with  abort  Ion 
episodes  were  Identified  to  be  canlcc-a  serotypes.  Tor  technical  reports,  see 
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» 

*  -  «  a. 


•mr*  etge*  a  ,a»  *■  • 


«Mn?J  Xar -I 


*'  %  f  ♦*  4 

ff* 


SO  7 


l»  '*,t  '/.><  1 102B71Q  COMMUNICABLE  DISEASES  AND  IMMUNOLOGY 
Task  Oo  Communicable  Diseases  and  Immunology 
Work  <<nit  170,  Zoonotic  diseases 
Inve  ;t  igators. 

Principal:  A.  D.  Alexander,  Ph.D. 

inpclitlt  CPT  Stanley  S.  Green,  VC;  L.  B.  Evans,  B.S.; 
V.  M.  Shepler,  H.E. 


i .  UrtoBphofcti. 

«.  Preservation  of  Leptospiras  by  Liquid  Nitrogen  Freezing. 

< "Lservatlons  on  the  viability  of  leptospiras  after  storage  under 
liquid  nitrogen  vapor  (-130  C)  were  continued.  On  the  basis  of 
previous  findings  (Annual  Report  1  Jul  1967  -  30  Jun  1968)  it  was 
d eased  practicable  to  use  liquid  nitrogen  for  maintenance  of 
stock  cultures. 

Ninety  stock  strains  were  grown  in  Stuart's  media.  Glycerol  was 
ad  led  to  final  concentration  of  10%  and  subcultures  were  distributed 
in  sail 1 1  pic  say  miles,  rapidly  frozen  and  stored.  After  11  months  of 
storage,  16  cf  the  strains  were  tested  for  viability.  All  but  two, 

.<  r»»tyi«os  ■  jiv>e  and  ricardl ,  were  recovered  in  culture.  The  excep¬ 
tional  strains,  however,  ware  viable  by  micror.ccpic  examination 
baaed lately  after  thawing.  Additional  check  tests  are  planned. 
Preliainaty  tests  were  done  on  the  use  of  dimethylsulfoxide  as  a 
i  j’voprotc. 1 1 ve  agent  for  liquid  N2  storage.  When  added  to  a  mature 
<  ilture  of  a  pathogenic  leptospira  (L.  batav.ae,  1415)  in  concen¬ 
tration*  »reater  than  5%,  no  viable  leptospiras  were  seen  24  hours 
aftei  treated  cultures  were  held  at  room  temperature. 

b.  A-rolowical  Studies.  Two  of  35  isolates  obtained  at  a 
focus  oi  Tn?e<  tlon  for  troops  in  Panama  were  studied  further  and 
identified  as  serotype  shcrreanl .  Results  of  culture  typing  tests 
.<n  in  i:' dates  submitted  from  various  institutions  in  the  United 
State:,  and  overseas  are  shown  in  Table  1. 

Ti «  n«  w  t  it»  1  iugs  for  the  United  States  were  icterohemorrhagiae  in 
swine,  balltw  at>l  grippotyphoaa  in  auskrats.  The  occurrence  of 

^  It.  not  heretofore  been  reported.  Swine  infec¬ 

tions  witti  caul cola  in  South  Africa  has  not  been  reported  previously. 
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Table  1.  Results  of  Culture  Typing  Teats  on  Leptospiral 
Isolates  Submitted  During  fiscal  Year  1%h. 


Source 

Country 

Institute 

Host 

Serogroup 

identification 

U.S. 

U.  of  Illinois 

swine 

icterohemorrhagiae 

ir 

II 

cattle 

•1 

ir 

II 

muskrat 

ball urn 

ii 

If 

II 

grippotyphosa 

tt 

Wisconsin  Animal 

swine 

porno  na 

Health  Laboratory 

it 

It 

cattle 

•1 

Philippine  Rep. 

U.  of  Philippine 

swine 

pyrogenes 

Haiti 

Cambridge  City  Hosp. 

human 

icterohemorrhagiae 

South  Africa 

Vet .  -  Invest .  -Center 

porcine 

canicola 

Serological  tests  for  leptospiral  antibodies  were  dc  •«?  on  58  bovine 
sera  submitted  by  the  Veterinary  College,  Kerala,  Inc  i.  Significant 
antibody  titers  at  1:100  were  found  in  4  samples  (2  hebdomad  is  aero- 
group,  1  each  hyos  and  autumnalis  serogrcupa).  Partial  reactions  were 
seen  in  16  other  sera. 

Agglutinin  adsorption  technics  for  identification  of  leptospiras  were 
simplified  by  use  of  standardized  (by  nephe  lone  try)  concentrations  of 
absorbing  antigen  which  were  added  directly  to  specified  anounts  of 
serum.  The  modified  technic  reduces  the  need  for  multiple  adsorp¬ 
tions,  and  the  incubation  time  for  adsorbing  mixtures. 

c.  Comparison  of  Suckling  Rabbits  and  Hamsters  for  Determining 
Strain  Virulence.  The  suckling  rabbit  is  reported  to  be  highly  sus- 
ceptible  to  frank  infection  with  pathogenic  leptospiras.  Its  poten¬ 
tial  usefulness  to  demonstrate  infectiousness  of  biflexa  strains  and 
newly  disclosed  hamster  avirulent  types  with  intermediary  charac¬ 
teristics  of  pathogenic  and  saprophytic  strains  were  examined. 
Infection  could  not  be  induced  with  a  stock  strain  of  biflexa  nor 
with  a  recently  isolated  strain  from  turtles  (intermediate  type). 

In  comparative  tests  done  with  pathogenic  leptospiras,  the  suckling 
rabbit  did  not  prove  to  be  more  susceptible  to  infection  or  frank 
disease  than  hamsters. 

2.  Melioidosis. 

Immunoglobulin  studies  on  sera  from  melioidosis  patients  were 
initiated  to  clarify  the  course  of  the  serological  response;  its 
relationship  to  persistence  of  infection  and  to  determine  the 
reactivity  of  immunoglobulin  fractions  in  hemagglutination  (HA) 
and  complement- fixation  (CF)  tests. 
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Serum  globulin  fractions  were  separated  by  the  use  of  sucrose  density 
gradients  centrifugation  and  gel  filtration  methods.  In  the  first 
procedure  continuous  gradients  were  fonned  at  4  C  from  10  and  40% 
solutions  of  sucrose  in  phosphate  buffered  salt  solution  (pH  7.2) 
by  the  use  of  a  mixing  chamber.  Sera  were  heated  at  56  C  for  30 
minutes  and  diluted  1:2  with  phosphate  buffered  saline  (pH  7.2)  and 
layered  on  this  gradient  in  0.5  ml  amounts  with  an  equal  amount  of 
10%  sucrose  solution.  Gradients  were  prepared  in  triplicate  and 
centrifuged  in  a  Spinco  Model  L  centrifuge  at  36,000  rpm  for  18 
hours.  Ten  serial  fractions,  approximately  0.5  ml  each,  were  col¬ 
lected  from  a  perforated  hole  in  the  bottom  of  a  centrifuge  tube . 

Protein  concentrations  of  the  fractions  were  determined  by  the 
Lowry  method.  The  fractions  were  dialyzed  against  phosphate  buffered 
saline  pH  7.2.  The  gel  filtration  column,  70  cm  long  and  2.5  cm  in 
diameter,  was  prepared  with  Sephadex  G-200.  The  Sephadex  was  washed 
several  times  with  distilled  water  and  the  "fines”  were  removed  by 
decantation.  The  gel  was  equilibrated  with  phosphate-buffered  saline 
(pH  7.2).  A  2.0  ml  serum  sample  previously  tested  at  56  C  for  30 
minutes  and  dialyzed  against  the  buffered  diluent  was  applied  to  the 
column.  As  soon  as  the  serum  was  diffused  into  the  column  the  buffered 
diluent  was  added.  The  flow  rate  was  15  ml/hr.  Eluates  were  collected 
in  5  ml  amounts.  The  protein  content  of  fractions  was  determined  by 
measuring  the  optical  density  at  280  mp  in  a  Beckman  DU  spectrophoto¬ 
meter.  The  IgM  and  IgG  content  of  the'  immunoglobulin  fractions  from 
both  procedures  were  determined  by  immuno-dif fusion  tests  with  anti¬ 
human  IgM  and  IgG.  Fractions  were  then  tested  for  the  presence  of 
antibodies  reactive  in  HA  and  CF  tests. 

IgM  and  IgG  immunoglobulin  fractions  of  12  sera  from  nine  patients 
were  obtained  by  the  use  of  sucrose  gradients  and  tested  for  HA  and 
CF  antibody.  The  samples  comprised  specimens  taken  at  different 
times  of  disease  and  specimens  with  little  or  no  HA  or  CF  reactions . 

Results  of  tests  are  summarized  in  Table  2.  IgM  antibody  was  found 
in  sera  obtained  during  the  first  few  weeks  of  disease,  but  was  not 
evident  in  4  of  5  sera  obtained  3  months  or  more  after  disease  onset. 

IgM  antibodies  did  not  appear  to  figure  in  CF  reactions  but  were 
reactive  in  the  HA  test.  The  CF  activity  of  sera  could  be  related 
to  IgG  antibody.  IgG  antibody  of  serun  obtained  early  in  the  course 
of  disease  appeared  to  have  relatively  poor  hemagglutinating  antibody. 

Gel  filtration  techniques  were  used  to  separate  immunoglobulin  com¬ 
ponents  of  serum  obtained  218  days  after  disease  onset  from  patient 
W.  W.  The  whole  serum  had  an  HA  titer  of  1:2560  and  CF  titer  of 
1:512.  HA  and  CF  antibody  was  only  found  in  IgG  components.  Serum 
from  R.  W.  (obtained  on  132nd  day  of  disease)  with  1:64  CF  titer  and 
negative  HA  reaction  was  also  fractionated  by  use  of  gel  filtration 
techniques.  The  IgM  fraction  was  inactive.  The  IgG  fraction  reacted 
only  in  CF  test.  These  findings  were  consistent  with  that  obtained 
on  fractions  of  same  serum  separated  by  the  use  of  sucrose  gradients. 

o 
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Table  2.  Complement  Fixation  and  Hemagglutination  Test  Reactions 
of  IgG  and  IgM  Fractions  of  Sera  from  Melioidosis  Patients 


Day  of 

Reciprocal  of  Titer 

Patient 

Disease 

Fract ion 

HA 

CF 

F.  M. 

1  (?) 

Whole  serum 

160 

512 

is" 

4 

AC 

IgG 

16 

32 

A.  N. 

5 

Whole  serum 

20 

Not  tested 

IgM 

8 

- 

IgG 

- 

16 

K.  M. 

14 

Whole  serum 

5120 

16 

IgM 

128 

AC 

IgG 

32 

16 

D.  R. 

23 

Whole  serum 

1280 

512 

IgM 

128 

AC 

IgG 

- 

32 

W.  J. 

17 

Whole  serum 

1280 

128 

IgM 

32 

AC 

IgG 

- 

16 

164 

Whole  serum 

640 

128 

IgM 

16 

AC 

IgG 

2 

16 

V.  R. 

31 

Whole  serum 

40 

16 

IgM 

2 

- 

IgG 

2 

AC 

59 

Whole  serum 

40 

8 

IgM 

4 

- 

IgG 

4 

4 

120 

Whole  serum 

8 

IgM 

- 

- 

IgG 

2 

AC 

R.  W. 

132 

Whole  serum 

40 

64 

IgM 

- 

IgG 

- 

16 

221 

Whole  serum 

64 

IgM 

- 

- 

IgG 

- 

16 

W.  W. 

218 

Whole  serum 

2560 

512 

IgM 

- 

- 

_IfiG _ 

512 

128 

O 
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In  view  of  the  small  amount  of  serum  or  serum  fractions  availabe  for 
serological  testing,  it  was  deemed  advisable  to  adapt  the  CF  test 
to  raicrotiter  techniques. 

Sixteen  diagnostic  melioidosis  serums  were  selected  for  study  which 
had  both  high  and  low  CF  antibody  titers  as  determined  by  the  tube 
test.  The  serums  were  diluted  two-fold  in  standard  U  microtiter 
plates  using  0.02*  r..i  of  serum  and  equal  amounts  of  TBS  saline.  • 

The  plates  were  refrigerated  for  several  hours  and  0.025  ml  of  com¬ 
plement  (the  same  concentration  as  used  in  the  tube  test)  was  added 
followed  by  0.025  ml  of  the  sime  antigen  dilution  as  employed  in 
the  tube  test.  The  plates  were  placed  at  4  C  for  overnight  incuba¬ 
tion  and  the  next  morning  they  were  placed  in  a  37  C  incubator  for 
10  minutes.  Sensitized  RBC's  (0.0S  ml)  were  added  to  each  well. 
Plates  were  covered  with  a  plastic  film  and  floated  in  a  37  C  water 
bath  for  45  minutes  and  shaken  at  15  minute  intervals.  After 
incubation  the  plates  were  centrifuged  at  1500  rpm  for  5  minutes 
in  a  PR-2  International  centrifuge.  The  titers  in  the  microtiter 
test  were  2  or  3  dilutions  lower  tl>an  those  in  the  tube  test. 

In  an  attempt  to  increase  the  sensitivity  of  the  microtiter  CT  test, 
melioidosis  CF  antigen  was  titrated  in  microtiter  plates.  The 
optimisn  antigen  dilution  was  found  to  be  the  same  as  that  used  in 
the  tube  test.  Next,  the  microtiter  CF  test  was  performed  using 
varying  amounts  of  complement.  Six  dilutions  of  complement  startiry, 
with  5.0  units  (the  amount  used  in  the  tube  test)  and  ending  with 
2.6  units  of  complement  were  tested  in  microtiter  technique.  The 
o^timun  amount  of  complement  was  found  to  be  4  units.  When  the 
amount  of  complement  used  in  the  microtiter  test  was  more  than 
4  units,  less  anti-complementary  activity  was  observed  but  the 
sensitivity  of  the  test  was  decreased  three-fold.  Conversely, 
with  less  complement  the  sensitivity  of  the  test  was  increased  but 
there  was  marked  anti -complement ary  activity.  By  adapting  the  CF 
test  to  the  microtiter  technique,  it  is  possible  to  assay  all  frac¬ 
tions  of  whole  serum  for  both  HA  and  CF  antibody  content. 

It  was  not  possible  to  determine  CF  antibody  titer  in  most  of  the 
fractions  containing  IgH  due  to  anti-complementary  activity.  The 
same  phenomenon  has  been  reported  for  macroglobulins  of  other 
immune  sera. 

"urnmary  and  Conclusions. 

1.  Leptospirosis. 

The  feasibility  of  preserving  leptospiras  by  storage  in  liquid  nitro¬ 
gen  refrigeration  was  demonstrated  further  in  tests  conducted  on 
stock  cultures  after  an  11  month  storage  period.  Toxic  properties 
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of  dimethylsulfoxide  served  to  limit  its  usefulness  as  a  cryoprotec- 
tive  agent  for  preservation  of  leptospiras  by  liquid  nitrogen 
freezing.  Culture  typing  tests  on  leptospiras  received  from  various 
institutions  in  the  United  States  and  overseas  have  provided  new 
information  on  the  distribution  of  various  serotypes  in  select  mam¬ 
mals.  Additional  evidence  was  obtained  on  enzootic  occurrence  of 
leptospirosis  in  India.  Methods  for  definitive  identification  of 
leptospiral  strains  were  simplified  by  use  of  modified  agglutinin- 
adsorption  test.  The  use  of  suckling  rabbits  to  determine  strain 
virulence  was  affirmed;  however,  this  host  afforded  no  advantage 
over  hamsters  in  determining  virulence. 

2.  Melioidosis. 

Studies  on  immunoglobulin  serum  fractions  from  melioidosis  patients 
indicated  that  both  immunoglobulin  fractions  IgM  and  TgG  have 
hemagglutinating  activity,  but  that  CF  antibodies  appear  to  he  TgG 
fraction  only. 
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This  work  unit  is  concerned  with  the  development  of  ninmifncluritip  methods  for  the 
production  of  new  effective  vaccines  nnd  for  the  modification  existing  biological 
products  to  increase  e ffecl • vetess  und  redur"  reactivity,  to  afford  greater  stabi¬ 
lity,  nod  to  minimise  legistie  rcipii  rerieni  s  . 

(lT)  Increase.!  effectiveness  und  reduced  reactivity  are  pursued  by  ose  of  new 
physical  and  rh«Mtiir«l  ne  i  hods  for  processing.  Improvement  in  stability  and  reduc¬ 
tion  of  logistic  requirements  ate  achieved  by  application  ol  andern  freeze-drying 
and  jMtckaging  techni  tpics  . 

(IT)  09  01  -.09  0f>  Investigations  Lave  continued  on  the  deve I oproent  of  new  und 
improved  biological  products.  -  1.  Stislics  on  the  improve. iC’  f  of  methods  f<»r  pi  lot 
scale  production  of  purified  Men!  i  geeoreal  ru'yrav  'ices  have  been  e»irr!ei’  <.  t. 

gnl  fi  cant  ly  gicnler  yields  may  be  obtaiia>d  as  the  re»n|l  -if  n  tuod  i  final,  inti  of  l)r 
j  rovtli  medium  and  the  application  of  sicjplei  ;i"i!  mote  efficient  processing  proce¬ 
dures.  2.  7onal  centrifugation  o f  Cent* trmi-exlrac l.nd  ri/'kel  1st  nl  s><s|ieiis ions 
yielded  purified  Q  fever  vaccine  wi  111  significantly  reduced  protein  and  lipid 
content.  3.  Long  term  surveillance  of  the  stubility  of  freese-dried  live  Plague 
vaccines  revealed  no  significant  loss  in  viability  after  3  years  storage  at  -20  C. 
4.  Improved  yields  of  Eastern  equine  encephalomyelitis  virus  were  obtained  in 
roller  culture  bottles  seeded  with  0x10*’  thick  embryo  cells  per  ml.  5.  An  experi¬ 
mental  lot  of  frecze-dri  ed  live  shigella  vaccine  was  prepared  with  u  K I.  re  pi.  opiyci  ti¬ 
de  pendent  strain  of  S.  flexncri ,  2n.  For  techni  col  reports,  set*  Walter  Heed  iVrtny 
Institute  of  ••tesearrh  Annual  Progress  iieport ,  1  July  68  -  30  June  69. 
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Work  Unit  171 ,  Development  of  biological  products 
Investigators . 

Principal:  Joseph  P.  Lowenthal,  ScD 

Associate:  Sanford  Berman,  PhD;  Patricia  L,  Altieri,  BS;  Arthur 
White,  ’dS i  Calvin  Powell,  MS;  Doria  Dubois,  BS; 

Albert  Gr of finger 

Description. 

This  work  unit  is  concerned  with  the  development  of  manufacturing 
methods  for  the  production  of  new  effective  vaccines  and  for  the  modifi¬ 
cation  of  existing  biological  products  to  increase  effectiveness  and 
reduce  reactivity,  to  afford  greater  stability,  and  to  minimize  logis¬ 
tic  requirements. 

Progress. 

1.  Meningococcus  Polysaccharides. 

During  this  period  studies  have  been  carried  out  on  the 
development  of  pilot  scale  methods  for  the  preparation  of  purified 
high  molecular  weight  specific  polysaccharides  derived  from  Neisseria 
meningitidis .  for  use  in  the  immunization  of  man  against  meningococcal 
meningitis. 


I 
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a.  Small  scale  lots  of  purified  polysaccharides  derived 
from  group  A  and  groun  C  meningococcal  strains  were  prepared  in  the 
spring  of  1968  by  the  method  developed  by  CPT  Emil  C.  Gotschlich  of 
the  Department  of  Bacteriology,  WRAIR  (Annual  Report,  1968),  Initial 
attempts  in  this  laboratory  to  scale  up  the  volumes  of  production  of 
groups  A  and  C  polysaccharides  from  one-liter  per  container  to 
twelve-liters  per  container  were  unsuccessful.  It  appeared  that  the 
additional  time  required  to  adequately  sterilize  by  autoclaving 
twelve-liter  volumes  of  Franz’s  medium  (employed  by  Dr.  Gotschlich 
in  one-liter  volumes)  adversely  affected  the  medium  so  that  satis¬ 
factory  growth  of  the  meningococci  could  not  be  obtained.  On  the 
other  hand,  a  medium  containing  a  1:5  dilution  of  Medium  199,  in  lieu 
of  the  casamino  acids  in  the  growth  medium,  supported  the  growth  of 
the  meningococci  in  the  twelve-liter  volumes  desired  and  yielded 
purified  polysaccharides  which  were  indistinguishable  from  those 
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prepared  in  Franz's  medium.  Consequently  the  199  medium  was  used  for 
the  production  of  17*500  doses  of  group  C  polysaccharide  and  7*500 
doses  of  group  A  polysaccharide.  These  preparations  are  currently 
being  used  in  clinical  studies  to  evaluate  the  efficacy  of  the  poly¬ 
saccharides  in  the  protection  of  man  against  meningococcal  infection. 

b.  Subsequent  laboratory  investigations  hare  been  conducted 
in  an  attempt  to  simplify  the  processing  procedures  and  to  Increase 
tne  yield  of  purified  group  C  polysaccharide.  It  vas  found  that 
Franz's  medium  could  be  successfully  utilized  in  tvelre-llter  volumes 
if  the  heat-sensitive  portion  (cassmino  acids  and  dextrose)  vas  pre¬ 
pared  as  a  concentrate  and  sterilized  by  filtration  before  dilution 
to  final  concentration  in  the  autoclaved*  salt-containing  portion  of 
the  medium.  Consistently  good  growth  of  meningococci  was  obtained 
in  a  medium  prepared  in  this  fashion*  p-ovided  the  cultures  were 
subjected  to  a  combination  of  agitation  and  aeration  during  incu¬ 
bation. 


Investigation  of  the  processing  procedures  revealed 
that  a  lengthy  centrifugation  step  and  all  out  5  successive  Sevag 
extraction  steps  (to  remove  contaminating  protein)  could  be  elimi¬ 
nated  from  the  method  outlined  by  Gotschllch  (Annual  Report*  1968) 
without  affecting  yield*  purity  and  character  of  the  polysaccharide. 

The  preparation  of  pilot  scale  lots  apolylng  the  in¬ 
formation  obtained  in  these  studies  has  resulted  in  yields  of 
purified  polysaccharides  at  least  5  times  greater  than  those  obtained 
in  the  pilot  scale  production  dsscrloed  in  paragraph  a.  above. 

c.  Currently*  the  procedures  described  above  are  being 
aonlied  to  the  production  of  group  B  meningococcal  polysaccharide, 
in  an  attempt  to  prepare  a  sufficient  quantity  of  this  material  for 
clinical  use. 

2.  3  Fever. 

During  the  past  year  an  investigation  on  the  use  of  the 
continuous  flow  zonal  centrifuge  for  the  preparation  of  purified  3 
fever  vaccine  vas  initiated. 

Initially*  an  attempt  va*  made  to  Introduce  into  the 
Splnco  B  XVI  continuous  flow  zonal  rotor  an  inactivated  Henserllng 
r>hase  2  rickettsial  preparation  consisting  of  a  10S  yolk  sac 
membrane  suspension  which  had  been  previously  centrifuged  at  low 
speed  to  remove  cellular  debris*  etc.  However*  this  was  not  success¬ 
ful*  as  the  particulate  matter  remaining  in  the  suspension  caused 
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block***  In  ‘.“i*  anall  channel*  In  th*  rotor  ani  in  th*  rotating  aeal. 

Tn  tuition,  fatty  material  collected  on  th*  corn  of  the  rotor,  caualn* 
an  abnormal  rla*  In  ©reaaure  yi*hln  the  rotor. 

Sint*  9*n*tro*v-111  ftrtchlorotrifluo*o*th*.n*)  hat  orerto-ialy 
b**n  ao:c*a*f-illy  it«l  in  thi*  laboratory  to  extract  fat  fro*  yolk 
aac  membran*  a-iao*nalona  (Annual  Reoort,  196rt) ,  th*  eril*  rich*ttal*l 
prrot*n‘w i on  v%i  t-**t*i  yith  tnia  fluorocarbon  b**v*  introlietion 
into  the  rotor.  T*n  oarta  of  th*  yolk  aac  o*nbrao*  aiaponaion  y%a 
b’onlort**!  yith  on*  ©art  of  T*n*tron  for  on*  min*  It* ,  an!  th*  r*a  ilt- 
in*  mixture  yaa  ceotrtfufrl  at  599  x  •  for  19  nlnutoa.  Th*  ipper 
*<V>*oja  lay*r,  containing  th*  rlck*tt*l**,  yaa  2oll*ct*i  ani  y*a  f*1 
into  a  aucroa**y-ali*nt  in  th*  tonal  e*ntrif*ix*.  Thi  a  9*n**rorv- 
tr*at*l  material  paaa*l  through  th*  rotor  at  th*  r*?oo3»*ol*4 
praaajr*,  ytthout  block***  or  accumulation  of  fatty  material  on  th* 
eor*  of  th*  rotor. 

4  a*ri*a  of  experiment*  yaa  earrioi  out  to  l**.*mln*  th* 
•ff*ct  of  pH  on  th*  efficiency  of  th*  /• natron  extraction.  Th* 
moat  aatlafastory  rmaulta  y »r*  obtain* 1  at  pH  4.6.  At  a  lover  pH 
clarification  yaa  improve  1,  but  thia  yaa  aecomp*ni*1  by  a  r«lustion 
in  th*  number  of  rl?k*tt*ta*  r*coy*r*l  in  th*  *xtraet. 

A  **ri*a  of  50  ml  fraction*  yaa  coll*ct*1  froa  th*  rotor 
ani  th*  1*naity  of  *ach  fraction  yaa  i*t*nain«l  by  n*ana  of  a 
r*fraetom*t*r.  To  *aeh  fraction  15  ml  of  9.551  aalin*  yaa  th*n 
allot  ani  th*  fraction*  y*r*  c*ntrif-uj*1  at  **2,999  x  *  for  on*  hour. 

TH*  p*ll*ta  y*r*  r**uap*nl*l  vith  5  ml  of  0.555  aalin*,  ylelllnf  * 

101  concentration  for  «%eh  fraction.  Th*  aiaoun*  of  rlckottalal 
antl**n  in  *ach  fraction  yaa  th*n  l*t*rmin*4  by  complement  fixation. 

Th*  rmaulta  y »r*  aa  folio**: 


TAKZ  I 

Fractionation  of  9*n*tron-Extraete4  Mch*tt*ial  Siap»nalon 
by  D*o*ity-9rmli*nt  fonal  Cant r 1 fu»at ion 


fraction  ’•  Sucroa*  9*n*ltr  C7  Tlt*r 


1 

5.5 

1.012 

3 

2 

11.5 

1.951 

5 

1 

17.0 

1.965 

3 

W 

22.0 

1.999 

2 

5 

?3.9 

1.115 

0 

6 

15.9 

1.151 

9 

T 

kt.9 

1.199 

l> 
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tabu:  i 

(cant’d) 


rr action 

X  Sucrose 

Density 

CP  Titer 

8 

90.3 

1.230 

296 

9 

99.0 

1.298 

912 

10 

61.0 

1.292 

6k 

11 

63.2 

1.306 

3 

Aa  can  be  seen  from  the  C*  liter*,  the  bulk  of  the  rickett- 
»1«  banded  over  a  ranee  of  deneitiee  from  1.23  to  1.29  g/ce,  fraction* 

3,  9  and  13  were  therefore  pooled  and  39  al  of  3.891  ■ aline  vu  added  to 
this  pool,  yielding  93  ml  of  Tenet ron-extr acted,  tonal  centrifuged 
material,  designated  vaccine  0-2. 

This  vaccine  5-2  vas  compared  with  vaccines  prepared  from 
the  same  crude  rickettsial  suspension  1)  treated  vlth  Genet ran,  but 
without  tonal  centrifugation  (vaccine  9),  and  2)  extracted  with  sulfuric 
ether  oy  the  standard  procedure  descrloed  by  Berman  et  el .  (J.  Bacterlol., 
1961,  91:  79^-799)  (vaccine  S).  Vaccines  0  and  2,  following  extraction 
with  Tenetron  or  ether,  were  subjected  to  centrifugation  at  22,000  x  x 
for  one  hour,  the  resulting  pellets  resuspended  with  0.89*  saline  to  a 
volume  of  93  ml.  Thus  each  of  the  3  vaccines  was  prepared  fran  one 
liter  of  um  crude  lOt  yolk  sac  embrace  suspension,  and  each  was  In  s 
final  volume  of  90  el.  A  standard  Q  fever  vaccine  (Lot  0P-7)  was  In¬ 
cluded  as  a  reference. 


TABU  II 

W* 

'wtpara.lv*  Assays 

of  Vaccines 

0-2,  *,  E  and 

0P-7 

Vaccine 

■ltrutea 

.‘TotsU 

tax7ali 

5-Z 

0.129 

3.71 

2.8T 

96 

G 

0.290 

3.26 

Id.  1 

120 

E 

0.199 

1.36 

8.32 

96 

0P-7 

0.016 

3.22 

0.T 

6 

r lnce  tne  reference  vaccine  (0»*-T)  nad  a  CP  titer  of  6, 
vaccine  5-2  was  diluted  ltlC,  vaccine  9  1:23,  and  vaccine  E  l>10,to 
bring  tr.en  all  to  the  same  antigen  level.  9n  the  basis  of  tnese 
dilutions,  tas  volume  of  vaccine  0-2  was  890  ml,  vaccine  5  1000  ml, 
and  vaccine  E  990  nl.  The  results  of  tas  nitrogen,  protein  and  fat 
determinations  on  tae  diluted  preparations  are  given  la  Table  III. 


S70 


TABLE  III 


Comparative  Assays  on  Vaccines  vith  Equivalent 
Antigen  Content  (CF  Titers  ■  6) 


Vaccine 

Nitrogen 

Protein 

Fat 

CneN/ml) 

(ag/ml) 

(mg /ml) 

0-Z 

0.0078 

0.0UU 

0.17 

G 

0.012 

0.163 

0.9 

E 

0.0195 

0.13 

0.83 

DP-7 

0.016 

0.22 

0.7 

Vaccine  G-Z  appears  to  be  significantly  lover  in  nitrogen, 
protein  and  fat  content  than  the  other  3  preparations.  The  toxicity 
and  inwnogeniel  ty  for  guinea  pigs  of  these  vaccines  is  currently 
under  investigation. 


3.  Plague. 


During  the  past  several  years  the  Department  of  Biologies 
Research  has  been  engaged  in  laboratory  investigations  on  the  develop¬ 
ment  of  a  stable  living  plague  vaccine,  prepared  vith  attenuated 
strains  of  Pasteurella  pestis.  As  the  result  of  these  studies, 
reproducible  methods  have  been  vorked  out  for  the  preparation  of  freeze- 
dried  living  plague  vaccine  suitable  for  human  use  (Annual  Report,  1966). 
Employing  these  methods,  a  supply  of  freeze-dried  seed  material  and  one 
or  more  batches  of  freeze-dried  vaccine  for  human  use  vere  prepared 
vith  each  of  1*  attenuated  P.  pestle  strains:  l)  EV  7 6,  Saigon  (obtained 
from  Instltut  Pasteur,  Saigon,  Vietnam),  2)  EV  76,  Devignat  (obtained 
from  Ft.  Detrick,  Md.),  3)  EV  76,  51f  (obtained  from  Dr.  K.  F.  Meyer, 
University  of  California  Medical  School,  San  Francisco,  Calif.)  and 
k)  IIPM-2 3V  (obtained  from  Ft.  Detrick,  Md,). 

The  freeze-dried  living  vaccine  prepared  vith  the  EV  76, 

Saigon  strain  produced  excellent  antibody  and  protective  responses  in 
guinea  pigs.  Hovever,  vhen  tested  in  limited  human  txiel-,  ce-r Jeu 
out  by  the  'JSAMU,  Ft.  Detrlck  and  by  the  University  of  California 
School  of  Medicine,  this  vaccine  failed  to  elicit  a  satisfactory  F-l 
antibody  response  in  the  volunteers. 

The  freeze-dried  living  vaccines  prepared  vith  the  other 
3  attenuated  plague  strains  are  currently  undergoing  extensive  testing 
in  animals  prior  to  use  1.:  — n.  In  the  meantime,  the  stability  of 
these  k  plague  vaccines  during  prolonged  storage  at  -20°C,  +U°C,  22° C 
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and  37°C  was  evaluated, 

a.  Long  tern  surveillanee  of  the  viability  of  the  freete- 
dried  EV  76,  Saigon  strain,  prepared  in  Rov,  1965,  was  continued 
during  this  period.  There  vas  no  apparent  loee  In  viability  of  thoee 
samples  stored  at  -20°C  for  a  period  of  three  and  a  half  years  (172 
weeks).  At  4°C,  maximum  viability  vas  aalntained  for  kl  veeks,  while 
at  higher  storage  temperatures  significant  loss  in  viability  occurred 
within  two  veeks, 

b.  Stability  studies  vere  also  carried  cut  on  freese- 
dried  vaccines  prepared  in  early  1968  with  tvo  other  attenuated  P, 
pestls  strains,  EV  76,  Devignat  and  EV  76,  51f,  and  a  vaccine  prityared 
in  Dec.  1968  with  a  fourth  strain,  HPH-23V,  A  summary  of  the  results 
of  periodic  titrations  of  the  number  of  viable  organisms  in  samples 

of  these  preparations  which  vere  stored  at  -20°C  and  *U°C  is  recorded 
in  Table  IV. 


TABLE  IV 


Stability  of  Viable  Count,  Freese-Dried  Plague  Vaccines 


EV  76 

Devignat  Strain 

EV  76 

51f  8train 

RPH-23V  Strain 

Icssoi 

mvm 

wpxm 

-20”C 

-20”C  »k’C 

2 

7.2x10? 

✓.fxl09 

5,6x10^  >♦.8x109 

1» 

>♦.6x10* 

6.5x10* 

8.2x10* 

5.2x10* 

7.0x10*  >4.9x10* 

8 

5.7x10* 

>♦.5x10' 

9.1x10* 

5.>»xl0* 

3.8x10*  2.0xl0i 

12 

6.5x10* 

5.8x10* 

5.0x10* 

2,9x10* 

5.8x10*  2.0x10* 

2k 

6.1x10* 

1.8x10' 

>♦.9x10* 

52 

5.6x10* 

1.9x10* 

5,3x10* 

These  results  indicate  that,  for  maximum  stability  during  long¬ 
term  storage,  these  preparations  should  be  kept  at  -20°C.  At  +lt0C 
storage  maximum  viability  is  maintained  for  at  least  12  weeks.  Although 
not  shown  in  the  Table,  at  higher  storage  temperaturee  (♦22° C  and  +27°r' 
significant  loss  in  viability  occurs  within  tvo  veeks, 

4,  Eastern  Equine  Encephalomyelitis, 

Employing  EEE  virus  in  chick  embryo  fibroblast  cell  cultures 
as  a  model  system,  laboratory  studies  vere  continued  during  this  period 
to  determine  the  possible  practical  value  of  modifications  of  usual 
tissue  culture  procedures  for  the  production  of  viral  antigens  and 
vaccines , 
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Additional  3tudies  on  the  U3e  of  a  tissue  culture  systea 
employing  continuous  monolayers  around  the  entire  inner  surface  of 
cylindrical  bottles  rotating  on  a  commercially  manufactured  roller 
apparatus  confirmed  the  results  obtained  earlier  with  a  crude  noae- 
made  roller  (Annual  Report,  1967)*  This  system  provides  a  practical 
method  for  producing  large  amounts  of  virus  for  antigen  or  vaccine 
production,  utilizing  a  ’■J.niraum  number  of  containers. 

A  series  of  experiments  designed  to  determine  the  optimum 
conditions  for  obtaining  maximum  virus  yields  in  the  roller  cultures 
was  initiated.  It  was  found  that  consistently  greater  yields  of 
virus  vere  obtained  when  the  roller  bottles  vere  seeded  with  250  ml 
of  growth  medium  containing  5x10°  cells  per  ml,  than  with  the  same 
volume  of  medium  containing  1x10°  cells  per  ml.  Results  of  a  typical 
titration  are  given  in  Table  V, 

TABLE  V 

Comparison  of  EEE  Virus  Yields  in  Roller  Cultures  and 
Stationary  Cultures  of  Chick  Embryo  Fibroblasts 

Roller  Cultures  Stationary  Cultures 

Harvest  Seeded  with  250  ml  containing  Seeded  vith  50  ml  containing 

Time  Ixl0°cells/ml  5xl0°cells/ml  lxlCrcella/ml  5xl0°cclls/ml 


16 

hrs. 

6.66 

7.66 

6.83 

7.83 

18 

hra. 

6.83 

7.99 

7.16 

8.16 

2k 

hrs. 

7.5 

9.16 

N.Dc 

8.16 

The  effect  of  other  factors,  such  as  temperature  of  incubation 
speed  of  rotation,  size  of  inoculum,  medium  composition,  etc.,  on  virus 
yield  are  currently  under  investigation, 

5.  Shigella. 

During  this  period  the  Department  of  Biologies  Research  has 
continued  to  provide  freeze-drying  support  to  Dr,  S,  B,  Formal  of 
the  Department  of  Applied  Immunology,  WRAIR,  in  his  work  on  the 
development  and  evaluation  of  a  live,  attenuated  oral  Shigella  vaccine, 

A  lot  of  freeze-dried  vaccine,  suitable  for  human  use,  was  prepared  in 
Aug.  1968  from  another  candidate  strain,  a  streptomycin-dependent 
mutant  of  Shigella  flexneri  2a,  This  vaccine  has  been  provided  to 
Dr.  Formal  for  evaluation  in  animals  and  man. 


and  37°C  was  evaluated 


( 


a.  Long  term  surveillance  of  the  viability  of  the  freeze- 
dried  EV  76,  Saigon  strain,  prepared  in  Nov,  1965,  was  continued 
during  this  period.  There  was  no  apparent  loss  in  viability  c?  those 
samples  stored  at  -20°C  for  a  period  of  three  and  a  half  years  (lf2 
weeks).  At  4°C,  maximum  viability  was  maintained  for  1*1  weeks,  while 
at  higher  storage  temperatures  significant  loss  in  viability  occurred 
within  two  weeks. 

b.  Stability  studies  were  also  carried  out  on  freeze- 
dried  vaccines  prepared  in  early  1968  with  two  other  attenuated  P, 
pestis  strains,  EV  76,  Devignat  and  EV  76,  51f*  and  a  vaccine  prepared 
in  Dec.  1968  with  a  fourth  strain,  NPM-23V.  A  summary  of  the  results 
of  periodic  titrations  of  the  number  of  viable  organisms  in  samples 

of  these  preparations  which  were  stored  at  -20°C  and  +4°C  is  recorded 
in  Table  IV. 


TABLE  IV 


Stability  of  Viable  Count,  Freeze-Dried  Plague  Vaccines 


Storage 

EV  76 

Devignat  Strain 

EV  76 

51f  Strain 

NPM-23V  Strain 

Urrsn® 

-20°C 

+4bC 

-20°C 

+4*0 

-20°C 

♦l*«c 

2 

1* 

7.2x10? 

4.6x10'? 

6.5x10* 

5.7x10? 

8.2x10* 

5.2x10* 

5.6x109 

7.0x10* 

4,8x10-* 

4.9x10* 

8 

5.7x10* 

4.5x10* 

9.1x10* 

5.4x10* 

3.8x10* 

2,0x10* 

12 

6.5x10* 

5.8x10* 

5.0x10* 

2.9x10* 

5.8x10* 

2.0x10* 

24 

52 

6.1x10* 

5.6x10* 

1.8x10* 

1.9x10* 

4.9x10* 

5.3x10* 

These  results  indicate  that,  for  maximum  stability  during  long¬ 
term  storage,  these  preparations  should  be  kept  at  -20°C,  At  ♦U°C 
storage  maximum  viability  is  maintained  for  at  least  12  weeks.  Although 
not  shown  in  the  Table,  at  higher  storage  temperatures  (+22°C  and  *37°C) 
significant  loss  in  viability  occurs  within  two  weeks. 

4,  Eastern  Equine  Encephalomyelitis. 

Employing  EEE  virus  in  chick  embryo  fibroblast  cell  cultures 
as  a  model  system,  laboratory  studies  were  continued  during  this  period 
to  determine  the  possible  practical  value  of  modifications  of  usual 
tissue  culture  procedures  for  the  production  of  viral  antigens  and 
vaccines . 
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Additional  3tudies  on  the  use  of  a  tissue  culture  system 
employing  continuous  monolayers  around  the  entire  inner  surface  of 
cylindrical  bottles  rotating  on  a  commercially  manufactured  roller 
apparatus  confirmed  the  results  obtained  earlier  with  a  crude  home¬ 
made  roller  (Annual  Report,  1967).  This  system  provides  a  practical 
method  for  producing  large  amounts  of  virus  for  antigen  or  vaccine 
production,  utilizing  a  minimum  number  of  containers. 


A  series  of  experiments  designed  to  determine  the  optimum 
conditions  for  obtaining  maximum  virus  yields  in  the  roller  cultures 
was  initiated.  It  was  found  that  consistently  greater  yields  of 
virus  were  obtained  when  the  roller  bottles  were  seeded  with  250  ml 
of  growth  medium  containing  5x10°  cells  per  ml,  than  with  the  same 
volume  of  medium  containing  1x10°  cells  per  ml.  Results  of  a  typical 
titration  are  given  in  Table  V, 


TABLE  V 


Comparison  of  EEE  Virus  Yields  in  Roller  Cult 'ores  and 
Stationary  Cultures  of  Chick  Embryo  Fibroblasts 


Harvest 

Time 


Roller  Cultures 
Seeded  with  250  ml  containing 
lxlO°cells/ml  5xl0°cells/ml 


Stationary  Cultures 
Seeded  with  50  ml  containing 
Ixl0°cells/ml  5xl0°cells/ml 


l6  hrs,  6.66 
18  hrs.  6.83 
2U  hrs .  7.5 


7.66  6.83  7.83 
7.99  7.16  8.16 
9.16  N.D.  8,l6 


The  effect  of  other  factors,  such  as  temperature  of  incubation, 
speed  of  rotation,  size  of  inoculum,  medium  composition,  etc.,  on  virus 
yield  are  currently  tinder  investigation. 

5.  Shigella. 

During  this  period  the  Department  of  Biologies  Research  has 
continued  to  provide  freeze-drying  support  to  Dr,  S.  B.  Formal  of 
the  Department  of  Applied  Immunology,  WRAIR,  in  his  work  on  the 
development  and  evaluation  of  a  li're,  attenuated  oral  Shigella  vaccine. 

A  lot  of  freeze-dried  vaccine,  suitable  for  human  use,  was  prepared  in 
Aug.  1968  from  another  candidate  3train,  a  streptomycin-dependent 
mutant  of  Shigella  flexneri  2a.  This  vaccine  has  been  provided  to 
Dr.  Formal  for  evaluation  in  animals  and  mem. 
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Summary  and  Conclusions. 


1,  Studies  on  the  development  of  pilot  scale  methods  for  the 
preparation  of  meningococcal  polysaccharides  have  continued.  Using  a 
growth  medium  developed  in  this  laboratory,  a  total  of  17,500  doses 
of  purified  group  C  polysaccharide  and  7,500  doses  of  group  A  poly¬ 
saccharide  were  prepared  for  human  field  studies.  Additional  invest¬ 
igations  have  resulted  in  simplication  of  the  processing  procedure 
and  have  provided  greater  yields  of  purified  A  and  C  polysaccharides. 
The  methods  developed  are  currently  being  applied  to  the  production 
of  group  B  specific  polysaccharide. 

2,  Studies  on  the  use  of  the  zonal  centrifuge  for  the  prepa¬ 
ration  of  purified  Q  fever  vaccine  were  initiated.  Preliminary 
extraction  of  the  crude  yolk  sac  membrane  suspension  with  Genetron-113 
was  necessary  to  remove  the  bulk  of  the  lipid  and  tissue  debris  prior 
to  centrifugation.  Passage  through  the  continuous  flow  density  gradi¬ 
ent  centrifuge  resulted  in  a  product  with  a  significantly  reduced 
nitrogen,  protein  and  fat  content.  The  toxicity  and  immunogenicity  of 
the  zonal  centrifuged  vaccine  is  currently  being  evaluated. 

3,  Laboratory  investigations  on  the  freeze-dried  attenuated 
plague  vaccine  have  continued.  Surveillance  of  the  stability  of  the 
vaccines  prepared  from  four  different  attenuated  strains  of  the  plague 
bacillus  indicate  that  a  storage  temperature  of  -20°C  will  provide 
maximum  stability  of  the  freeze-dried  product.  These  vaccines  are 
currently  being  evaluated  in  animals  prior  to  consideration  for  use 

in  man. 


U.  Studies  of  the  effect  of  modifications  of  tissue  culture 
procedures  on  the  production  of  viral  vaccines  and  antigens  were 
continued,  employing  EEE  virus  in  chick  embryo  cell  cultures  as  a 
model  system.  Consistently  greater  yields  of  virus  were  obtained 
when  roller  bottles  were  seeded  with  250  ml  of  growth  medium  contain¬ 
ing  5x10°  chick  embryo  cells  per  ml  than  with  the  same  volume  of 
medium  containing  1x10^  cells  per  ml. 

5.  An  experimental  freeze-dried  live  attenuated  Shigella 
vaccine  was  prepared  with  a  streptomycin-dependent  strain  of  Shigella 
flexneri  2a. 
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Description. 

This  task  is  concerned  with  the  mechanisms  and  patterns  of  immune 
responses.  In  vitro  and  in  vivo  methods  are  used  to  study  host 
response  to  antigens.  In  vitro  studies  involve  the  development, 
improvement,  and  evaluation  of  procedures  for  detection  of  host  anti¬ 
bodies.  The  studies  also  entail  isolation,  purification  and  identifi¬ 
cation  of  antigens  by  chemical  and  serological  methods.  In  vivo  studies 
include:  (1)  investigations  on  the  ability  of  antigens  to  stimulate 
serologically  detectable  antibodies,  (2)  cellular  level  immune  re¬ 
sponse  to  microbial  infection,  and  (3)  production  of  specific  antisera 
by  infection  and/or  experimental  antigens  or  antigen  fractions. 

Antigens  which  show  a  high  level  of  serological  sensitivity  and  speci¬ 
ficity  are  evaluated  for  immunogenlcity. 

Progress. 


1.  Soluble  antigen  fluorescent  antibody  (SAFA)  tests  for  sero- 
diagnosis  of  infections  diseases.  Details  of  the  development  and  pro¬ 
gressive  technical  improvements  of  the  SAFA  test  have  been  presented  in 
previous  reports  on  this  Work  Unit  (WRAIR  Research  &  Development  Reports, 
1966  et  seq. ).  The  procedure  continues  to  show  considerable  promise 
for  the  serodlagnosis  of  wide  variety  of  infectious  diseases.  In 
addition  to  the  applications  of  the  SAFA  test  described  in  this 
report,  other  investigators  in  WRAIR  are  investigating  the  potential  of 
the  procedure  for  the  serodlagnosis  of  schistosomiasis,  amebiasis, 
filariasis,  malaria,  trichinosis,  meningococcosis,  and  a  variety  of  viral 
diseases.  Experience  has  shown  that  the  method  required  for  fixing  a 
given  antigen  to  the  test  disc  may  vary  from  ant igen  to  antigen.  However, 
once  this  is  achieved,  the  basic  SAFA  technic  usually  can  be  employed 
without  modification,  regardless  of  the  antigen-antibody  system  involved. 

During  the  course  of  screening  sub-human  primates  for  tuberculosis, 
it  was  recognized  that  the  original  SAFA  technic  was  somewhat  cumber¬ 
some  and  difficult  to  employ  in  a  mass-testing  program.  Studies 
therefore  were  initiated  to  determine  whether  certain  technical  modi¬ 
fications  would  make  the  procedure  more  suitable  for  mass-screening, 
without  sacrificing  the  inherent  specificity  and  sensitivity  of  the 
original  method.  This  was  achieved  by  introducing  the  following 
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innovation  in  methodology.  After  completion  of  the  primary  react  ion 
(reaction  of  the  antigen- sensitised  disc  with  test  serum),  the  discs 
were  washed  with  tris-buffered  saline  (TrBS)  and  then  immediately 
mounted  on  the  adhesive  side  of  black  plastic  electrical  tape.  Thu 
mounted  discs  then  were  allowed  to  dry  for  ca.  20  minutes  at  room 
temperature  to  insure  adherence  of  the  discs  to  the  tape.  The 
secondary  reaction  was  accomplished  by  first  moistening  each  disc  with 
TrBS,  then  adding  one  drop  of  optimally  diluted  fluoresceine-conjugated 
anti-globulin  antiserum  and  incubating  in  a  moist  chamber  at  room 
temperature  for  30  minutes.  It  was  observed  that  addition  of  the 
conjugated  antiserum  to  moist  rather  than  dry  discs  significantly 
reduced  inherent  nonspecific  fluorescence.  At  the  completion  of  the 
secondary  reaction,  the  tape  containing  the  test  discs  was  submerged 
in  TrBS  and  washed  three  tines  to  remove  unbound  conjugate.  The  washed 
discs  were  allowed  to  dry  for  1  1/2  -  2  hours  and  then  read  on  the 
fluorometer  in  the  manner  prescribed  for  the  original  technic.  This 
modification  of  the  SAFA  procedure  eliminates  many  of  the  manipulations 
involved  in  processing  each  individual  disc,  significantly  reduces  the 
time  required  to  perform  the  tests,  and  minimises  the  risk  of  losing  the 
identity  of  a  specimen.  This  modification  of  the  SAFA  was  used  ex¬ 
clusively  in  the  studies  reported  herein. 

a.  Tuberculosis.  The  need  for  a  reliable  1— .inpdlagnostlc 
test  for  early  detection  of  tuberculosis  in  sub-human  primates  and  the 
deficiencies  of  the  currently  recommended  palpebral  lntradermal  tests 
were  discussed  in  detail  in  a  previous  report  on  this  Work  Unit  (WRAIH 
Research  &  Development  Report,  1968)*  Preliminary  results  on  sera  from 
human  and  simian  subjects  suggested  that  the  SAFA  test,  using  purified 
antigens  from  cultures  of  M.  tuberculosis,  possibly  could  be  of  value 
in  this  respect.  In  view  of  the  encouraging  findings  summarized  in  the 
previous  report  (pp.  cit. ),  a  comprehensive  collaborative  study  was 
initiated  with  Investigators  at  the  US  Army  Medical  Research  Institute 
of  Infectious  Diseases,  Ft.  Detrlck,  Md. 

These  studies  were  designed  to  Investigate  various  aspects  of  the 
natural  transmission  of  tuberculosis  in  sub-human  primates  and  to 
critically  evaluate  the  serological  and  immunological  response  in  this 
disease.  A  group  of  30  Rhesus  monkeys  was  selected  for  these  investi¬ 
gations.  Each  animal  was  carefully  examined  for  evidence  of  tuberculosis, 
and  all  gave  negative  tuberculin  and  SAFA  tests.  In  addition,  X-rays 
showed  no  evidence  of  tuberculosis  or  other  pulmonary  disease.  Six  of 
the  monkeys  then  were  exposed  to  an  aerosol  of  M.  tuberculosis  (  human 
strain)  administered  in  such  a  manner  that  each  animal  inhaled  ca.  3000 
organisms.  The  exposed  animals  were  scrubbed  with  a  disinfectant  to  re¬ 
move  any  tubercle  bacilli  deposited  on  the  external  body  surfaces  and 
then  were  placed  in  specially  designed  holding  cages.  Eighteen  of  the 
unexposed  animals  were  employed  either  as  "cage  mates"  of  the  exposed 
monkeys,  or  were  placed  in  adjacent  cages,  or  in  remote  cages  receiving 
air  circulated  through  the  cage  of  an  exposed  animal.  The  remaining 
6  animals  were  placed  on  therapeutic  doses  of  Isonlazld  and  housed 
in  cages  adjacent  to  those  of  the  aerosol-exposed  monkeys.  Each 
animal  was  bled,  skin  tested  and  X-rayed  at  three  week  intervals  during 
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the  first  four  months  of  the  study,  and  at  monthly  Intervals  thereafter. 
All  sera  from  a  given  animal  were  stored  at  -70*C  until  the  monkey  ex¬ 
pired  or  was  sacrificed,  and  then  all  were  tested  in  the  SAFA  test  on 
the  saw  day.  Three  antigens  were  used  for  serologic  evaluation  of  the 
•era.  These  Included  "A"  and  "C"  protein  fractions  derived  from  culture 
filtrates  of  M.  tuberculosis  cultures,  and  a  polysaccharide  antigen 
isolated  from- the  cell  walls  of  the  tubercle  bacilli.  All  were  supplied 
by  collaborators  at  the  George  Washington  University  Medical  Center. 

Sixteen  of  the  24  untreated  orankeys  acquired  tuberculosis  either 
from  the  aerosol  or  by  exposure  to  an  Infected  animal.  All  infections 
ware  confirmed  by  isolation  of  the  organism  in  cultures.  Results  of 
the  SAFA  and  tuberculin  tests  on  this  group  are  summarized  in  Table  1. 
Thirteen  of  the  16  Infected  monkeys  gave  reactions  in  the  SAFA  test  and 
all  8  non  infected  animals  were  non reactive.  Using  the  criteria  recom¬ 
mended  by  Renin  and  Wllkerson  (J.  Chron.  Dls.,  :  6,  1961)  for 
evaluating  the  sensitivity  and  specificity  of  diagnostic  tests,  the 
SAFA  test  showed  a  sensitivity  of  8l£  and  100JI  specificity.  These 
findings  are  in  marked  contrast  to  those  obtained  with  the  tuberculin 
test.  In  the  latter,  only  7  of  the  16  Infected  animals  were  reactive. 
Moreover,  2  of  the  8  non infected  monkeys  also  exhibited  reactions  with 
the  tuberculin  antigen.  The  sensitivity  of  the  tuberculin  test  therefore 
was  and  the  specificity  75i.  Review  of  the  data  obtained  fr:»  the 
three  infected  animals  that  failed  to  react  in  the  SAFA  test  revealed 
information  of  note.  One  of  these  monkeys  developed  a  fulminatin'  in¬ 
fection  and  expired  at  about  the  time  detectable  antibodies  would  have 
been  expected  to  appear.  The  other  two  animals  had  very  mild  infections 
and  showed  no  clinical  evidence  of  active  tuberculosis.  They  appeared 
to  be  healthy,  exhibited  normal  weight  gain  throughout  the  observation 
period,  and  showed  no  pathology  other  than  granulomata  of  the  hylar 
lymph  nodes.  Cultures  of  the  lymph  nodes,  however,  did  reveal  the 
presence  of  M.  tuberculosis.  Analysis  of  the  findings  obtained  from 
animals  that”were  sXFA-tuberculln-necropsy  positive  revealed  that  the 
SAFA  always  became  positive  (14-64  days)  before  the  tuberculin  test. 
Although  the  X-ray  findings  on  the  individual  animals  have  not  been 
received  from  the  radiologist  at  this  time,  it  is  his  impression  that 
the  X-rays  becaa*  positive  before  reactions  were  observed  in  the  SAFA 
tests.  The  animals  that  received  Isoniazld  throughout  their  period  of 
exposure  were  monitored  for  6  months  following  withdrawal  of  the  drug. 

None  of  this  group  became  Infected.  The  Isoniazld  therefore  appeared 
to  have  excellent  prophylactic  properties.  Nevertheless,  it  remains  to 
be  determined  whether  the  dmg  can  effect  a  radical  cure  in  monkeys  after 
the  infection  has  become  established.  It  should  be  noted  that  ancillary 
studies  have  shown  that  repeated  tuberculin  tests,  even  when  performed 
at  bi-weekly  intervals,  do  not  stimulate  production  of  antibodies  that 
react  in  the  SAFA  test.  Thus,  it  is  unlikely  that  the  periodic  tuberculin 
tests  conducted  in  the  present  studies  influenced  the  serological  findings. 

The  practice  of  performing  SAFA  tests  for  tuberculosis  on  all 
sub-human  primates  during  their  quarantine  period  has  been  continued. 

A  total  of  1271  monkeys  were  screened  in  this  manner  during  the  present 
reporting  period.  Of  this  group,  29  reacted  in  tests  with  one  or  more 
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Table  1 


Relative  Sensitivity  and  Specificity  of  SAFA  and  Taberculin 


Tests  for  Detection  of  Tuberculosis 

in  Monkeys 

SAFA  Tests 

SAFA  Test 

True  Disease  Classification 

Results* 

R 

13  (A)** 

0  (B)** 

NR 

3  (C)** 

8  (D)** 

TOTAL 

16 

8 

Sensitivity  » 

x  100  -  H  x  100  -  81.25* 

Specificity  ■ 

—2—  x  100  -  _®_ x  100  -  loot 

B+D  8 

Tuberculin  Teste 

Tuberculin 

True  Disease  Classification 

Test  Results* 

r^».3mTTT-  — — — ■ 

R 

7  (A)** 

2  (B)** 

NR 

9  (C)** 

6  (D)** 

TOTAL 

16 

8 

Sensitivity  * 

x  100  -  _Zg_  x  100  -  1*3-75* 

Specificity  ■ 

B  x  100  =  f,  x  100  ■  75.0* 

B+D  0 

*R  =  Reactive 

;  NR  =  Nonreactive 

**  A  =  Number  of  True-Positives 

B  =  Number  of  False-Fositives 

C  =  Number  of  False-Negatives 

D  =  Number  of  True-Negatives 


) 
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of  "he  employed  M.  tuberculosis  antigens.  Since  facilities  for  the 
isolation  of  individual  animals  were  not  available  locally,  it  was  an 
established  practice  to  sacrifice  all  animals  that  reacted  in  the  SAFA 
test  for  tuberculosis  or  were  tuberculin  positive.  Gross  autopsies  were 
performed  on  each  of  these  animals.  However,  limitations  of  personnel, 
etc,  made  it  impractical  to  perform  detailed  histopathological  examin¬ 
ations  of  tissue  sections,  or  attempt  to  isolate  the  organism  by  culture 
methods.  Unfortunately,  under  these  conditions,  definitive  information 
concerning  .he  true  disease  status  of  many  of  the  animals  was  not 
obtained.  These  problems,  however,  are  being  resolved.  Arrange¬ 
ments  recently  were  made  to  transfer  all  "suspect"  monkeys  to  USAMRIID, 
Ft,  Detrick,  hold  them  in  isolation  for  an  indefinite  period,  and 
observe  whether  they  develop  active  tuberculosis .  To  date,  4  SAFA- 
posltive  monkeys  have  been  monitored  in  this  manner  and  thus  far 
°  developed  fulminating  tuberculosis  and  expired. 

Further  collaborative  studies  on  the  various  aspects  of  simian 
tuberculosis  are  being  planned  with  investigators  at  the  USAMRIID. 

In  addition,  the  feasibility  of  field  testing  the  SAFA  test  for 
tuberculosis  in  troops  at  Ft.  Ord  is  being  investigated. 

b.  Histoplasmosis.  Details  of  the  methodology  developed  for 
use  of  the  SAFA  test  for  the  serodiagnosis  of  histoplasmosis  were 
presented  in  the  previous  report  on  this  Work  Unit  (WRAIR  Research  & 
Development  Report,  1968).  The  SAFA  test  has  been  performed  in  parallel 
with  the  standard  complement  fixation  and  precipitin  tests  on  all  sera 
submitted  for  the  serodiagnosis  of  mycotic  diseases.  In  general, 

the  SAFA  test  results  have  shown  little  correlation  with  the  results 
obtained  in  the  standard  tests.  The  majority  of  the  sera  that  were 
reactive  in  the  complement  fixatio  and  precipitin  tests  were  non¬ 
reactive  in  the  SAFA  test.  On  the  other  hand,  many  sera  that  gave 
strong  reactions  in  the  SAFA  test  were  negative  in  the  standard  tests. 
These  findings  suggest  that  the  antibodies  detected  in  the  SAFA  test 
may  be  different  from  those  that  react  in  the  standard  tests.  Efforts 
now  are  being  made  to  correlate  the  serological  findings  with  clinical 
data  to  determine  whether  the  various  reactivity  patterns  have  pathog¬ 
nomonic  value. 

c.  Echinococcosis.  Dr.  Alfonso  Trejos,  Chief  of  Laboratories 

at  the  Centro  Panamericano  de  Zoonosis,  Ramos  Majia,  Argentina,  recently 
called  our  attention  to  the  prevalance  of  hydatid  disease  in  domestic 
animals  and  humans  residing  in  certain  areas  of  Argentina.  He  also 
discussed  the  problems  he  had  encountered  in  attempting  to  use  complement 
fixation  and  agglutination  tests  to  identify  infected  individuals. 

These  problems  were  particularly  serious  in  tests  on  dog  and  sheep 
sera.  It  was  suggested  that  use  of  the  SAFA  procedure  might  overcome 
these  difficulties  and  collaborative  effort  along  these  lines  was  ini¬ 
tiated.  It  was  observed  that  the  antigen  (hydatid  fluid  from  infected 
sheep),  after  simple  air-drying  (no  chemical  fixative  required), 
adhered  well  to  the  test  discs,  and  that  the  standard  SAFA  technic 
could  be  employed.  The  results  of  preliminary  tests  on  sera  from 
humans,  dogs  and  sheep  presumed  to  be  infected  with  Echinococcus 
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granulosis  are  summarized  in  Table  It  was  apparent  that  the  SAFA  test 
worked  equally  well  with  sera  from  humans,  dogs  and  sheep.  This  was  in 
contrast  to  earlier  studies  in  which  the  complement  fixation  test  was 
employed.  Although  the  reason  for  the  phenomenon  is  not  known,  it  has 
been  well  established  that  the  majority  of  dog  sera  become  anticoraple- 
mentary  during  the  heat  inactivation  required  to  destroy  the  native  com¬ 
plement.  This  essentially  precludes  the  use  of  complement  fixation 
tests  on  dog  sera  unless  special  technics  are  employed.  A  discussion 
of  this  problem  is  presented  in  another  section  of  this  report.  In 
view  of  the  encouraging  results  obtained  thus  far  with  the  SAFA  test  for 
echinococcosis,  collaborative  studies  are  being  continued  with  in¬ 
vestigators  at  the  Centro  Panamericano  de  Zoonosis.  Plans  are 
being  made  to  experimentally  infect  a  number  of  dogs  and  sheep  with 
E.  granulosis,  and  follow  the  patterns  of  serologic  response  throughout 
the  course  of  the  infection.  From  these  studies,  it  should  be  possible 
to  obtain  information  concerning  the  time  of  appearance  of  antibody  and 
determine  whether  the  antibody  titers  are  influenced  by  the  length  and 
severity  of  the  infection.  The  results  of  these  investigations  will  be 
given  in  a  subsequent  report  on  this  Work  Unit. 

2.  Serodiagnosis  of  American  trypanosomiasis  (Chagas1  disease). 

The  importance  of  Chagas*  disease  as  a  major  public  health  problem  in 
Central  and  South  America  was  noted  in  the  previous  report  on  this 
Work  Unit  (WRAIR  Research  &  Development  Report,  1968).  Recent  conver¬ 
sations  with  Dr.  Joffre  M.  Rezende  of  the  Universidade  Fedral  de  Goias 
Hospital  das  Clinicas,  Goiania,  Brasil,  indicate  that  the  magnitude  of 
the  problem  is  even  greater  than  earlier  epidemiological  information 
suggested.  Field  studies  regularly  are  revealing  new  hyper-endemic  areas 
and  it  is  currently  estimated  that  there  are  5-6  million  cases  of  Chagas' 
disease  in  Brasil,  with  at  least  600,000  cases  in  the  State  of  Golan 
alone.  Moreover,  Dr.  Rezende  said  that  in  addition  to  the  usual 
cardiopathy  of  chronic  Chagas'  disease,  one  of  six  cases  of  the  disease 
acquired  in  the  Goias  area  either  has  or  will  develop  megaesophagus 
and/or  megacolon.  During  the  present  reporting  period,  this  Laboratory 
has  continued  to  participate  in  the  activities  of  the  Chagas'  Disease 
Study  Group  organized  by  the  PAHO,  An  investigator  from  this  Department 
has  collaborated  with  Dr.  Jose  Almeida,  Universidade  de  Sao  Paulo,  Ribei- 
rao  Preto,  Brasil,  in  the  development  of  the  quantitatively  standardized 
complement  fixation  procedure  that  is  being  used  to  critically  evaluate 
currently  employed  antigens,  and  is  being  employed  as  the  standard  pro¬ 
cedure  for  routine  serodiagnosis  throughout  Central  and  South  America. 

At  the  present  time,  the  relative  specificity  and  sensitivity  of  nine 
candidate  antigens  are  being  evaluated  in  collaborative  studies  in 
seven  laboratories  in  North,  Central  and  South  America.  These  findings 
will  be  used  to  select  a  standard  reference  antigen  to  be  used  for 
evaluating  future  antigens  and  technics,  and  for  routine  serodiagnosis 
in  endemic  areas. 

Development  of  a  hemagglutination  test  for  Chagas*  disease. 

The  technical  intricacies  and  the  requirement  for  overnight  incubation 
seriously  limit  the  suitability  of  the  complement  fixation  (CF)  procedure 
for  qse  in  small  field  laboratories  and  blood  banks.  In  addition,  a 
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question  has  been  raised  concerning  the  ability  of  the  CF  test  to  detect 
antibody  in  individuals  with  asymptomatic  chronic  Chagas'  disease.  In 
view  of  the  inherent  sensitivity  and  technical  simplicity  of  indirect 
hemagglutination  (IHA)  procedures,  studies  were  initiated  to  Investigate 
the  feasibility  of  employing  IHA  tests  for  the  serodiagnosis  of  Chagas' 
disease.  Results  of  preliminary  studies  were  presented  in  the  previous 
report  on  this  Work  Unit  (WRAIR  Research  &  Development  Reprt,  1968). 

The  IHA  test  using  the  purified  protein  antigen  described  in  earlier  re¬ 
ports  (WRAIR  Research  &  Development  Reports,  i960,  et  seq)  proved  to  be 
considerably  more  sensitive  than  the  standard  CF  procedure,  and  no  serious 
problems  of  specificity  were  encountered.  However,  the  suitability  of 
the  IHA  test  for  routine  blood  bank  screening  is  somewhat  compromised 
by  the  requirement  to  sensitize  fresh  sheep  cells  each  day  tests  are 
performed.  Previous  experience  with  other  IHA  systems  has  shown 
that  treatment  with  pyruvic  aldehyde  renders  erythrocytes  essentially 
impervious  to  mechanical  damage;  red  cells  treated  in  this  manner 
can  be  stored  for  extended  periods  at  3°C  or  even  lyophilized  without 
apparent  change  in  physical  characteristics.  Investigations  are 
in  progress  to  determine  whether  the  T.  cruzi  protein  or  exoantigen  can 
be  adsorbed  on  tanned  or  untanned  pyruvic  aldehyde  treated  sheep  cells, 
and  whether  the  sensitized  cells  can  be  lyophilized  without  alteration 
of  their  serological  properties.  Results  of  these  studies  will  be  given 
in  a  subsequent  report  on  this  Work  Unit. 

3.  Experimental  mouse  syphilis:  Immunological  and  physiological 
responses  in  mice  infected  with  Treponema  pallidum.  Studies  presented  in 

the  previous  report  on  this  Work  Unit  (WRAiR  Research  &  Development  Report, 
1968)  were  continued  for  a  portion  of  this  reporting  period.  The  kinetic 
studies  of  the  antibody  response  to  T.  pallidum  outlined  in  the  previous 
report  have  been  completed.  None  of  the  mice  in  these  studies  developed 
antibodies  that  reacted  with  the  lipoidal  (cardiolipin)  antigens  even 
though  they  were  periodically  tested  for  a  period  of  339  days  after 
inoculation  with  virulent  T.  pallidum.  This  was  in  contrast  to  the 
development  of  treponemal  antibodies.  TPI  and  FTA  tests  became  positive 
within  4  weeks  after  infection  and  this  reactivity  persisted  for  the  life 
of  the  animal. 

Mice  receiving  an  inoculum  of  treponemes  emulsified  in  Freund's 
complete  adjuvant  exhibited  a  peculiar,  unexpected  immunological  response. 
Serum  pools  obtained  45,  82  and  155  days  after  injection  all  gave  strong 
reactions  in  FTA  tests  in  which  the  Reiter  treponeme  sonicate  (sorbent) 
was  omitted.  However,  these  sera  showed  no  reactivity  whatsoever  in  the 
standard  FTA-ABS  tests  employing  the  Reiter  sonicate.  These  results 
suggested  that  the  subcellular  material  liberated  from  the  disintegrated 
treponemes  incorporated  in  Freund's  adjuvant  elicited  a  strong  antibody 
response  to  Treponema  group  antigens  but  lacked  the  capacity  to  stimulate 
production  of  the  T.  pallidum  specific  antibodies  which  appeared  after 
inoculation  with  motile,  virulent  treponemes. 

Antibody  response  to  various  doses  of  intact  heat- inactivated  and 
motile  treponemes  also  was  investigated.  Accordingly,  a  series  of  6  groups 
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ccr.aist  ir.g  cf  -  -ice  each  were  i  r*.  c^La-.  el  ir.’  raperi  *  creail..  .1  “1 

cf  Nelson's  red i je  containing  10-fcLl  dilutions  of  rotiie  'repor.e-es 
ranging  free  l?”7  through  lO  orgar..s=.s.  A  second  .series  of  ■  .’rouf-s 
-eceived  siEiIar  inocula  except  that  the  t  re  per.  ere  suspensions  were 
nested  in  a  Cf  *C  water  bath  for  10  ainutes  before  injection,  "he  control 
group  received  0.1  el  of  Nelson's  aed i ua  alone,  Sr  rue  was  obtained  frer 
each  ani»al  42  and  90  days  after  inoculation  and  stored  at  -  F0'C  until 
exa&ined  in  serologic  tests.  Ancillary  studies  have  showr.  that  treatment 
of  a  serum  with  a  sonicate  of  avirulent  Reiter  treponemes,  ns  is  the 
practice  in  the  FTA-ABS  test,  blocks  the  generic  Treponema  antibodies 
and  leaves  only  the  T.  pallidum  species  specific  mtibodies  available 
to  react  in  the  test.  On  the  other  hand,  both  the  generic  und  species 
specific  antibodies  may  contribute  to  the  reactions  observed  in  FTA 
tests  cm  untreated  sera.  In  the  present  studies,  all  sera  were  tested 
in  both  immunofluorescence  (FTA  and  FTA-ABS)  procedures  to  determine 
the  time  of  appearance  and  quality  of  antibodies  induced  by  the  various 
inocula.  The  results  are  summarized  in  Table  3.  Sera  „ oilected  42  days 
after  inoculation  with  heat-inactivated  treponemes  slowed  sane  evidence 
of  immune  response,  but  the  antibodies  appeared  to  be  directed  almost  ex¬ 
clusively  against  the  generic  antigens  of  the  organisms;  only  occasional 
sera  reacted  in  the  FTA-ABS  teat.  Moreover,  the  frequency  of  detectable 
antibody  response  appeared  to  be  independent  from  the  size  of  the  inoculum. 
Examination  of  the  data  obtained  from  the  90-day  sera  revealed  that 
species-specific  antibodies  also  ultimately  were  developed  in  many  of  the 
animals  inoculated  with  the  inactivated  treponemes.  This  was  evident 
from  the  near  identity  of  FTA  and  FTA-ABS  test  results  on  sera  from  mice 
receiving  10^  or  more  heat- inactivated  organisms.  These  findings  are  in 
contrast  to  those  obtained  from  mice  inoculated  with  more  than  10*  motile 
treponemes.  High  levels  of  species-specific  antibodies  wpre  present  in 
the  majority  of  the  42-day  sera  from  animals  receiving  10 ^  -  10'  living 
organisms.  On  the  other  hand,  animals  receiving  smaller  inocula  showed 
an  immunological  response  similar  to  that  exhibited  by  the  mice  inoculated 
with  the  heat- inactivated  treponemes;  the  generic  rather  than  species- 
specific  antibodies  predominated.  However,  the  immune  mechanisms  in  mice 
receiving  motile  treponemes  continued  to  function  at  an  effective  level 
and  essentially  all  animals,  regardless  of  the  size  of  the  inoculum  showed 
high  levels  of  species-specific  antibodies  in  the  90  day  serum  specimens. 

These  findings  suggest  that  motile  treponemes  injected  into  mice 
remain  viable  and  probably  multiply  for  an  extended  period  in  the  tissues, 
thus  providing  a  continuing  antigenic  stimulus.  The  long  duration  of 
infective  treponemes  in  the  mouse  model  was  established  in  studies  on  a 
group  of  30  mice  selected  for  subsequent  experiments.  In  these  studies, 
each  animal  was  infected  with  10°  motile  treponemes  and  then  sacrificed 
I96  days  later.  The  thymus,  spleen,  and  axillary  lymph  nodes  of  each 
animal  were  excised,  placed  in  cold  Hank's  balanced  salt  solution  (BSS), 
and  homogenized  in  a  Duall  tissue  grinder.  The  lymphoid  cell  suspension 
then  was  centrifuged  at  800  ref  for  5  minutes  and  washed  three  times  with 
30  volumes  of  cold  BSS.  The  washed  cells  suspension  was  counted  in  a 
hemocytometer  and  diluted  in  BSS  to  give  a  suspension  containing  ca. 

32  x  107  lymphoid  cells/ml.  Trypan  blue  exclusion  tests  showed  that 
greater  than  9 0$  of  the  lymphoid  cells  were  viable,  A  0.5  ml  volume  of 
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the  cells  suspension  was  injected  into  each  testis  of  a  mature  rabbit 
to  determine  whether  virulent  treponemes  could  be  demonstrated.  A 
preinjection  serum  sample  obtained  from  the  recipient  rabbit  was  non¬ 
reactive  in  the  TPI  and  FTA-ABS  tests.  Seven  weeks  after  infection, 
the  rabbit  developed  a  palpable  orchitis,  and  serum  collected  at  this 
time  was  reactive  in  the  TPI  and  FTA-ABS  tests.  One  week  later  (8  weeks 
post  injection),  the  rabbit  was  sacrificed,  a  bi-lateral  orchiectomy 
performed,  and  the  testes  diced  and  shaken  for  10  minutes  in  Nelson's 
medium  in  the  manner  used  for  preparation  of  TPI  test  antigen.  Dark- 
field  examination  of  the  testicular  extract  revealed  ca.  25  x  10°  motile 
T.  pallidum/ml.  It  is  believed  that  the  persistence  of  infective 
treponemes  in  the  lymphoid  tissues  accounts  for  the  observed  vigorous, 
prolonged  immune  response  of  the  mouse  to  this  organism. 

The  findings  obtained  in  these  studies  illustrate  certain  unique 
features  of  the  mouse  model  for  studying  the  mechanisms  of  the  pathogenesis 
of  T.  pallidum  infection.  The  mouse  harbors  a  primary  infection  for  life, 
and  although  the  organisms  become  widely  disseminated  throughout  the 
tissues  and  organs,  no  clinical  or  pathological  evidence  of  disease 
can  be  observed.  On  the  basis  of  these  observations,  it  appears  that  the 
severe  pathology  and  symptomology  associated  with  human  and  rabbit 
syphilis  are  due  to  factors  other  than  the  direct  action  of  endo-  or 
exotoxins  produced  by  actively  mitotic  treponemes.  A  further  curious 
feature  of  T.  pallidum  infection  in  the  mouse  is  the  uniform  failure  to 
develop  the  anti-lipid  antibodies  ("reagins")  that  are  characteristic 
of  human  and  rabbit  syphilis.  Some  investigators  have  postulated  that 
the  reaginic  antibodies  are  not  elicited  by  an  antigen  component  of  the 
treponeme  per  se,  but  rather,  are  produced  by  an  immune  response  to 
host  tissues  that  have  been  altered  by  the  infection.  The  findings 
obtained  in  the  mouse  syphilis  model  are  consistent  with  this  postulate 
since  no  lesions  are  produced  and  reagins  are  absent  even  though  the 
mouse  shows  a  persistent,  vigorous  response  to  antigens  of  the  treponemes. 

The  principal  investigator  in  these  studies  completed  his  obligated 
tour  of  service  during  this  reporting  period  and  currently  is  preparing 
a  manuscript  to  be  submitted  for  publication  in  a  scientific  journal. 

No  further  studies  along  these  lines  are  being  planned  at  the  present  time. 


4.  Immunological  and  serological  studies  on  individuals  with 
schistosome  dermatitis.  These  studies  were  conducted  in  collaboration 
with  members  of  the  U.S.  Army  Medical  Research  Team  (WRAIR)  Vietnam. 
Initial  surveys  for  schistosomiasis  conducted  on  natives  residing  in 
several  locations  in  the  Mekong  River  delta  revealed  that  a  considerable 
number  of  these  individuals  were  hypersensitive  to  Schistosoma  antigens. 
Positive  schistosomiasis  skin  tests  were  observed  in  6.29  per  cent  of 
the  mere  than  2000  individuals  tested.  However,  multiple  stool  and 
rectal  oiopsy  examinations  on  skin  test  positive  individuals  were 
uniformly  negative  for  schistosome  eggs,  and  only  rare  infections  with 
other  trematodes  were  observed.  These  findings  suggested  that  exposure 
to  zoophilic  (non-human)  schistosomes  might  account  for  the  dermal 
hypersensitivity  observed  among  the  native  residents.  In  an  effort  to 
confirm  this  hypothesis,  surveillance  for  episodes  with  features  of 
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schis’.osur.,*  l^nr-at  it  i  s  was  maintained  ix»  or.e  'jS  infantry  oatallion 
-t  bong  iar.  in  the  Mekong  River  delta.  dn  14  July,  IX", 
such  an  episode  occurred  among  members  of  one  platoon  during  combat 
ojxirat  iona  west  of  Dong  Tam.  The  patrol  had  been  exposed  to  canal  water 
ny  wading.  Three  weeks  later,  a  second  episode  occurred  among  members 
of  a  second  platoon  after  it  crossed  the  same  canal  as  that  used  by 
the  first  platoon.  This  report  summarizes  the  immunological  and 
serological  findings  on  individuals  involved  in  these  episodes. 

Immediately  after  return  from  the  patrol  in  which  an  episode  of 
dermatitis  occurred,  each  member  of  the  platoon  was  given  a  complete 
physical  examination  and  questioned  concerning  his  dermatitis  experience. 
In  addition,  blood  was  collected  at  this  time  for  serologic  tests  and 
skin  tests  for  schistosomiasis  were  performed.  Multiple  stool  specimens 
also  were  obtained  from  each  individual,  concentrated  by  the  formalin- 
ether  technic,  and  examined  for  parasite  ova.  Rectal  biopsies  were 
performed  on  all  persons  who  exhibited  cutaneous  lesions.  Although  the 
military  tactical  situation  prevented  100  per  cent  participation  in 
follow-up  studies,  efforts  were  made  to  collect  additional  blood  specimens 
and  to  repeat  the  skin  tests  at  monthly  intervals  wherever  possible. 

Of  the  67  men  that  forded  the  canal  at  the  point  designated 
earlier,  29  (43.3$)  experienced  severe  itching  and  9  (13-4 $)  developed 
a  rash.  It  is  noteworthy  that  two  members  of  the  first  platoon  were 
reexposed  three  weeks  later  while  crossing  the  canal  with  the  second 
platoon.  Both  experienced  more  severe  cutaneous  reactions  following  the 
second  exposure. 

According  to  accounts  given  on  return  from  patrol,  the  itching 
sensation  had  its  onset  20  to  60  minutes  after  the  men  forded  the  canal; 
one  man  experienced  such  severe  cutaneous  irritation  that  he  ran  about 
screaming  for  a  brief  period  and  had  to  be  restrained  to  prevent  exposure 
to  enemy  fire.  Some  described  the  pruritis  as  a  "biting-digging*  sen¬ 
sation,  while  others  noticed  the  itch  but  were  not  particularly  uncom¬ 
fortable.  The  itching  sensation  did  not  occur  above  mid-thigh  (the 
approximate  depth  of  the  canal),  and  lasted  for  1  to  24  hours. 

The  rash  was  maculopapular.  Lesions  were  1  to  3  nun  in  diameter  and 
were  surrounded  by  a  1-mm  rim  of  erythema.  In  each  case  there  were  15  to 
30  lesions,  and  these  occurred  predominately  on  the  calves.  Althou^i 
the  papules  disappeared  in  ca.  five  days,  areas  of  hyperpigmentation 
were  still  present  2  to  3  weeks  later. 

Results  of  initial  and  repeated  skin  tests  on  members  of  the 
exposed  platoons  are  summarized  in  Table  4.  Although  a  number  of 
individuals  in  this  group  eventually  became  skin  test  positive,  these 
"conversions"  did  not  usually  occur  until  2  to  3  months  after  the 
episode  of  dermatitis.  Nevertheless,  there  did  appear  to  be  a 
correlation  between  the  skin  test  reactions  and  the  severity  of 
cutaneous  manifestations.  The  more  severe  the  cutaneous  reaction, 
the  greater  the  probability  of  skin  test  conversion.  The  3  individuals 
showing  positive  skin  test  reactions  on  return  from  patrol  warrar.t 
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special  comment.  All  experienced  particularly  severe  cutaneous  reactions 
less  than  30  minutes  after  fording  the  canal.  The  severity  and  rapidity 
of  onset  of  these  reactions  strongly  suggest  that  these  individuals 
had  previously  been  sensitized  with  schistosome  cercariae  and  the 
possibility  of  frank  schistosomiasis  was  considered.  However,  repeated 
stool  examinations  and  rectal  biopsies  on  these  and  the  other  members 
of  the  exposed  group  uniformly  failed  to  reveal  the  presence  of 
schistosome  ova.  On  these  bases,  it  was  concluded  that  the  observed 
hypersensitivity  was  due  to  exposure  to  non-human  schistosomes  that 
penetrated  the  skin  but  were  not  capable  of  migrating  through  the 
tissues  to  sites  suitable  for  maturation  and  deposition  of  ova. 

Results  obtained  with  the  various  serologic  tests  for  schistosomiasis 
are  summarized  in  Table  5.  The  most  striking  feature  of  these  findings 
was  the  high  incidence  of  reactions  in  the  Fluorescent  Antibody  (FA)  test. 
Forty-seven  per  cent  of  the  group  reacted  in  FA  tests  on  sera  collected 
shortly  after  the  episode  of  dermatitis,  and  the  incidence  of  reactions 
persisted  at  a  high  level  (greater  than  50"/.)  for  the  duration  of  the 
observation  period.  Some  persistent  reactivity  also  was  observed  with 
the  Plasma  Card  (PC)  test.  However,  the  frequency  of  reactions  was  much 
lower  than  that  exhibited  by  the  FA  test.  These  findings  are  in  marked 
contrast  to  those  obtained  with  the  Slide  Flocculation  (SF)  and  Complement 
Fixation  (CF)  tests.  In  the  latter,  only  an  occasional  reaction  or 
weak  reaction  was  observed,  and  these  were  transitory  in  nature,  seldom 
persisting  for  more  than  one  month  after  exposure. 

These  studies  have  shown  that  the  skin  test  and  FA  test  for 
schistosomiasis  are  of  no  value  for  diagnosis  or  epidemiological  surveys 
unless  the  possibility  of  exposure  to  non-human  schistosomes  can  be 
excluded.  On  the  other  hand,  sensitization  with  zoophilic  schistosomes  * 
has  relatively  little  effect  on  the  specificity  of  the  SF  and  CF  tests. 
Thus  the  latter  obviously  are  the  methods  of  choice  for  the  diagnosis 
and  epidemiological  study  of  human  schistosomiasis. 

5.  Mass  cultivation  of  yeast-phase  Histoplasma  capsulatum  for 

production  of  antigen.  For  years,  the  standard  procedure  for  mass 
cultivation  of  yeast-phase  H.  capsulatum  used  for  the  preparation  or 
serodiagnostic  antigens  has  been  to  culture  the  organisms  in  Kolle 
flasks  containing  Francis'  Cystine  Agar.  However,  this  procedure  has 
certain  inherent  limitations.  These  include:  1)  growth  is  only  modest 
and  numerous  flasks  are  required  to  provide  the  volume  of  organisms 
necessary  for  antigen  production;  2)  growth  rate  is  relatively  slow, 
requiring  at  least  7  days  to  achie/e  maximum  yields;  and  3)  difficulty 
of  removing  agar  particles  from  the  harvest.  The  present  report 
describes  studies  undertaken  to  determine  whether  these  limitations 
could  be  overcome  by  employing  a  liquid  rather  than  solid  medium  for 
mass  cultivation. 

Four  media  regularly  used  for  cultivation  of  fungi  were  evaluated 
in  these  studies.  These  included:  1)  Difco  Brain  Heart  Infusion  Medium; 
2)  a  Malt  Extract  Medium  (containing  malt  extract,  peptone  and  dextrose); 
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3)  a  Glucose  Medium  (containing  glucose  and  peptone);  and  U)  Emmons' 
modification  of  Sabouraud  Medium  (containing  dextrose  and  neopeptone). 

Each  was  modified  by  omitting  the  prescribed  agar  and  adding  0.1  gm  of 
L-cystine  per  liter  of  medium.  Other  investigators  have  reported  that 
L-cyatine  promotes  cell  division  and  enhances  the  growth  of  yeast  phase 
H.  cap  aula  turn.  The  media  were  adjusted  to  pH  6. 8-7.0  before  transferring 
100  ml  aliquots  to  side-arm  flasks  and  autoclaving  for  15  minutes  at 
15  pounds  pressure. 

The  three  strains  of  H.  capsulatum  (g-8,  G-92,  and  G-95)  normally 
employed  in  preparation  of  standard  complement  fixing  antigens  were  used 
to  evaluate  the  experimental  media.  A  loop  of  organisms  from  a  stock 
culture  grown  on  Francis’  Cystine  Agar  slant  was  used  as  inoculum  for 
each  flask.  The  flasks  then  were  placed  on  a  mechanical  shaker  and 
incubated  at  37°C  for  6  days.  The  37° C  temperature  was  employed  to 
assure  yeast  phase  rather  than  mycelial  growth.  The  relative  growth  of 
each  culture  was  monitored  by  optical  density  measurements  at  24  hour 
intervals.  The  growth  curves  obtained  with  strain  G-8  are  presented 
in  Figure  1  and  are  similar  to  those  obtained  with  the  other  strains. 

It  is  readily  apparent  that  the  Liquid  Brain  Heart  Infusion  Medium 
(LBHl)  is  superior  to  the  other  media  employed.  This  was  a  consistent 
finding  with  all  strains  of  H.  capsulatum  used  in  the  evaluation. 

Certain  features  of  the  growth  curve  with  the  LBHI  medium  are  of  parti¬ 
cular  interest.  With  each  strain  of  organism  used  in  these  studies,  a 
characteristic  lag  phase  of  growth  was  noted  during  the  first  24  hours 
of  incubation.  The  logarithmic  growth  phase  occurred  during  the  24-96 
hour  incubation  period.  Growth  then  continued  through  hour  144,  but  at 
a  reduced  rate.  Studies  are  in  progress  to  determine  whether  the  lag  ; 

phase  period  can  be  decreased  and  the  log  phase  extended  by  using  log 
phase  organisms  as  inoculum. 

Studies  were  conducted  to  compare  the  yield  of  organisms  obtained 
with  the  new  LBHI  medium  with  that  obtained  with  the  standard  Francis' 

Cystine  Agar  cultures  in  Kolle  flasks.  Thus,  15  flasks  containing 
200  ml  of  LBHI  medium,  each  were  inoculated  with  one  loop  of  organisms 
from  the  stock  culture,  placed  on  a  mechanical  shaker,  and  incubated 
at  37°C  for  96  hours.  The  cultures  then  were  pooled  and  the  organisms 
washed  in  saline  and  packed  by  centrifugation  for  5  minutes  at  1000  ref. 

Fifteen  Kolle  flasks  containing  150  ml  of  Francis'  Cystine  Agar  also  * 

were  inoculated  with  one  loop  of  the  stock  culture  and  incubated  at  37°C 

for  7  days.  The  organisms  were  washed  from  the  surface  of  the  agar  with 

saline,  the  washings  pooled,  and  the  cells  packed  by  centrifugation 

for  5  minutes  at  1000  ref. 

Harvests  obtained  from  the  standard  solid  medium  yielded  a  packed 
cell  volume  of  7.3  ml,  whereas  harvests  from  the  new  liquid  medium 
(LBHl)  yielded  18.5  ml  of  packed  organisms.  Thus  the  harvest  from  the 
LBHI  medium  cultures  was  2.5-times  greater  than  that  obtained  from  a  com¬ 
parable  number  of  standard  medium  cultures,  and  moreover,  was  completely 
free  from  solid  medium  components.  Studies  are  in  progress  to  determine 
whether  antigens  prepared  from  organisms  cultivated  on  the  two  media 
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differ  serologically. 


6.  Stabilization  of  sheep  erythrocytes  for  use  in  serologic  tests. 
When  Bukantz,  et  al  (J.  Lab.  &  Clin.  Med.,  31  ;  394,  1946)  first 
recommended  the  use  of  modified  Alsever's  solution  for  the  preservation 
of  sheep  blood,  it  was  reported  that  blood  collected  in  the  prescribed 
manner  was  satisfactory  for  use  in  serologic  tests  after  storage  for  as 
long  as  12  weeks.  More  recent  studies,  however,  have  failed  to  corro¬ 
borate  these  findings.  Investigations  in  this  laboratory  (Fogel,  et  al, 
Proc.  Soc.  Exper.  Biol.  &  Med.,  121  :  18 6,  1966),  using  osmotic 
fragility,  spontaneous  lysis,  and  susceptibility  to  immune  lysis  as 
parameters  to  critically  evaluate  the  stability  of  sheep  red  cells 
preserved  in  Alsever’s  solution,  revealed  that  erythrocytes  stored  for 
periods  up  to  4  weeks  exhibited  a  significant,  progressive  increase 
in  fragility.  Moreover,  these  investigators  noted  that  cells  stored 
longer  than  3  weeks  often  were  unduly  fragile  and  hypersensitive  to 
immune  lysis,  thus  rendering  them  unsuitable  for  serologic  tests. 

Part  of  this  problem  may  be  related  to  the  fact  that  the  present  donor 
sheep  must  be  treated  periodically  to  keep  the  worm  burdens  of  persistent 
Haemonchus  infections  at  acceptably  low  levels.  Since  all  of  the 
antihelminthics  used  for  this  purpose  contain  phenathiazine,  a  drug 
known  to  cause  severe  blood  dyscrasias,  treated  sheep  routinely  are 
rested  for  60  days  before  blood  is  collected  for  use  in  serologic  tests. 
Nevertheless,  some  increased  erythrocyte  fragility  may  persist  beyond 
this  period. 

DeVenuto  (Proc.  Soc.  Exper.  Biol.  &  Med.,  128  :  997,  1968)  recently 
reported  that  the  addition  of  progesterone  (0.05  iiM/lOO  ml  suspension) 
to  a  suspension  of  human  erythrocytes  preserved  in  ACD  solution  signi¬ 
ficantly  reduced  the  rate  at  which  the  osmotic  fragility  increased  and 
spontaneous  hemolysis  developed.  In  view  of  these  findings,  consideration 
was  given  to  the  possibility  that  addition  of  progesterone  likewise  would 
increase  the  storage  life  of  sheep  cells  collected  for  use  in  serologic 
tests.  Accordingly,  50  ml  of  sheep  blood  collected  in  Alsever's  solution 
was  aseptically  transferred  to  each  of  four  sterile  vaccine  bottles.  Three 
of  the  bottles  received  0.025,  0.05  and  0.075  hM  respectively  of  aqueous 
progesterone.  The  fourth  bottle  served  as  the  control  (no  progestrone) . 
The  blood  was  stored  at  3°C  and  at  bi-weekly  intervals  a  complement 
titration,  osmotic  fragility  test  and  spontaneous  lysis  determination 
were  performed  on  each  specimen. 

Although  the  osmotic  fragility  of  the  cells  gradually  increased 
during  storage,  the  rate  of  increase  of  the  progesterone-treated  cells 
was  significantly  less  than  that  of  the  control.  After  6  weeks  of 
storage,  the  osmotic  fragility  of  the  treated  cells  was  the  same  as 
that  shown  by  the  control  after  storage  for  2  weeks.  Significant 
changes  in  the  fragility  of  the  progesterone-treated  cells  did  not 
appear  until  after  8  weeks  of  storage.  The  control,  however,  rapidly 
deteriorated  and  the  cells  were  extremely  fragile  after  storage  for 
4  weeks. 

The  complement  titers  obtained  with  the  progesterone-treated  cells 
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did  not  change  during  the  first  six  weeks  of  storage.  However,  a  slight 
reduction  of  titer  was  noted  sifter  storage  for  eight  weeks. 

All  three  levels  of  progesterone  used  in  these  studies  effectively- 
stabilized  the  cells.  However,  the  cells  treated  with  0.024  yM 
progesterone/50  ml  of  cells  suspension  showed  the  least  change  in 
osmotic  fragility,  and  this  concentration  was  selected  for  use  in 
subsequent  investigations. 

These  studies  have  shown  that  the  addition  progesterone  to  preserved 
sheep  cells  increases  the  storage  life  of  the  cells  at  least  two-fold. 
Moreover,  progesterone  treatment  does  not  render  the  cells  unsatisfactory 
for  subsequent  use  in  complement  fixation  tests.  Studies  are  in  progress 
to  determine  whether  progesterone- treated  cells  can  be  used  in  indirect 
hemagglutination  tests. 

7.  A  modified  complement  fixation  procedure  for  tests  on  dog  sera. 

It  has  long  been  known  that  dog  sera  frequently  become  anticomplementary 
following  heat  inactivation  (56°C  for  30  min)  to  destroy  the  native 
complement.  The  reason  for  this  phenomenon  is  unknown.  Nevertheless, 
it  constitutes  a  serious  problem  when  attempts  are  made  to  use  such  sera 
in  diagnostic  complement  fixation  tests.  Although  investigators  generally 
circumvent  this  problem  by  employing  other  serodiagnostic  procedures 
(£•£•  indirect  hemagglutination  or  flocculation),  this  is  net  always 
feasible  since  certain  antigens  cannot  be  adsorbed  on  erythrocytes  or 
inert  carriers. 

Some  investigators  have  attempted  to  minimize  these  difficulties  by 
assuming  that  the  specific  reuctivity  can  be  expressed  as  the  difference 
between  the  per  cent  hemolysis  obtained  in  the  test  with  antigen  and  that 
observed  in  the  serum  control.  This  assumption  is  not  valid  and  often 
will  lead  to  erroneous  interpretations.  However-  the  problem  can  be 
approached  on  a  theoretically  sound,  practical  basis.  It  is  well 
established  that  there  is  a  linear  relationship  between  the  amount  of 
immune  complex  formed  and  the  units  (C'H50)  of  complement  required  for 
50  per  cent  hemolysis.  The  specific  reactivity  therefore  can  be 
expressed  as  the  ratio  between  the  units  of  C'  required  for  50  per 
cent  hemo^  ..is  in  the  test  with  serum  +  antigen  (K's  a)  6111(1  the  units 
of  C'  required  for  50  p|r  cent  hemolysis  in  the  serum  control  (K'g),  _i.e. 
the  serum  titer.  To  =  5  . 

S  K'S 

In  practice,  a  single  dilution  of  serum  +  optimal  antigen  is  tested 
in  parallel  with  5>  7.5  and  10  units  of  complement.  The  serum  control 
(no  antigen)  is  tested  with  1,  2.5  and  5  units  of  C'  The  K's  .  and  K's 
then  can  be  estimated  graphically  on  log-probit  papjr  by  selecting  the 
tubes  showing  partial  hemolysis  and  plotting  the  logarithms  of  the  units 
of  C'  used  vs  the  probltc  of  tho  observed  percentages  of  hemolysis, 
and  fitting  a  straight  line  to  the  experimental  points.  The  Intercept 
of  the  line  with  the  coordinate  of  50  per  cent  hemolysis  indicates  the 
units  of  C'  required  fOi  50  per  cent  hemolysis  in  the  test  with  antigen 
and  the  serum  control. 
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This  approach  is  illustrated  by  the  example  presented  In  Table  6  and 
Figure  2,  which  shown  the  results  of  a  histoplasmosis  complement  fixation 
test  on  serum  from  an  infected  dog.  In  the  tests  with  serum  +  antigen, 
it  was  observed  that  40$  hemolysis  was  obtained  with  7- 5-unit  complement 
and  60 %  hemolysis  with  10-unit  C.  Similarly,  the  serum  controls  showed 
25$  hemolysis  with  2.5-unit  C*  and  80^  hemolysis  with  5-unit  C'.  Figure 
2  shows  a  plot  of  these  data  on  log-probit  graph  paper.  The  K's  A 
(units  of  C'  required  for  50^  hemolysis)  for  tests  on  the  serum  +  antigen 
proved  to  be  8.7  units  whereas.the  K'g  for  tests  on  the  serum  alone  was 
5-4  units.  The  serum  titer  (K  S,A)  therefore  was  2.3.  In  histoplasmosis 

CF  tests  conducted  in  this  manner,  sera  showing  titers  of  2.0  or  greater 
are  considered  to  be  reactive.  The  possibility  that  this  method  may 
provide  a  capability  for  performing  leptospirosis  and  echinococcosis 
CF  tests  on  dog  sera  is  being  investigated. 

Summary  and  Conclusions. 

1.  The  soluble  antigen  fluorescent  antibody  (SAFA)  procedure 
has  continued  to  show  excellent  diagnostic  potential  and.  the  technic  is 
being  employed  for  the  serodiagnosis  of  a  variety  of  parasitic,  bacterial, 
mycotic  and  viral  diseases.  Further  technical  innovations  have  been 
introduced  to  simplify  performance  of  the  test  and  facilitate  use  of 
the  procedure  in  mass  screening. 

a.  Studies  on  the  use  of  the  SAFA  test  for  the  serodiagnosis 

of  tuberculosis  have  been  continued.  In  carefully  controlled  investi¬ 
gations  on  experimentally  infected  monkeys,  the  sensitivity  and  speci¬ 
ficity  of  the  SAFA  test  was  far  superior  to  that  obtained  with  the  tuber¬ 
culin  intradermal  test.  In  addition,  the  SAFA  test  always  became  positive 
(14-64  days)  before  the  tuberculin  test.  All  monkeys  received  at 
WRAIE  are  being  screened  with  the  SAFA  test  for  tuberculosis.  Animals 
showing  reactions  in  the  SAFA  test  are  immediately  isolated  and  observed 
for  a  period  to  determine  whether  they  develop  clinical  disease. 

b.  The  SAFA  test  for  histoplasmosis  has  been  performed  in  parallel 
with  the  standard  complement  fixation  and  precipitation  tests  on  all 
sera  submitted  for  the  serodiagnosis  of  mycotic  disease.  Little 
correlation  of  results  was  obtained,  indicating  that  the  SAFA  end 
standard  tests  may  detect  different  antibodies.  Serologic  results  and 
clinical  data  are  being  evaluated  to  determine  whether  the  reactivity 
patterns  obtained  in  the  serologic  tests  have  pathognomonic  value. 

c.  The  suitability  of  the  SAFA  test  for  serodiagnosis  of 
echinococcosis  has  been  investigated.  Preliminary  studies  on  sera 
from  humans,  dogs  and  sheep  with  naturally  acquired  hydatid  disease 
indicate  that  the  SAFA  test  may  be  superior  to  the  conventional 
complement  fixation  and  flocculation  testa  for  serodiagnosis  of  this 
infection.  The  probleau  usually  encountered  in  performing  complement 
fixation  and  flocculation  tests  on  dog  and  sheep  sera  were  not  en¬ 
countered  in  the  SAFA  system.  Investlgat ions  are  being  continued 

on  experimentally  Infected  animals. 
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Table  6 


Results  of 

a  Histoplasmosis  CF  Test 

on  Dog 

Serum 

1 

Per  cent  hemolysis 

Units  of  C'  used 

1U 

2.5U 

5U 

7-5U 

10U 

Serum  (1:8)  +  antigen 

0 

Uo 

6o 

Serum  Control 

i  o 

J _ 

25 

8o 

4  ► 
** 

4fc 

•  * 
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2.  Efforts  to  further  improve  serodiagnostic  tests  for  Chagas' 
disease  have  been  continued.  A  new,  quantitatively  standardized 
complement  fixation  procedure  has  been  developed.  This  procedure 
currently  is  being  used  by  members  of  the  PAHO  Study  Group  on  Chagas1 
Disease  to  critically  evaluate  antigens  now  in  general  use.  The 
method  also  is  being  employed  as  the  standard  procedure  for  routine 
serodiagnosis  of  Chagas'  disease  in  Central  and  South  American 
laboratories. 

Studies  on  the  ilopment  of  an  indirect  hemagglutination  test 
for  Chagas'  disease  .  continued.  The  purified  protein  antigen  can 
readily  be  adsorbed  to  sheep  cells,  but  the  sensitized  cells  must  be 
used  on  the  day  they  are  prepared.  Studies  are  in  progress  to  determine 
whether  use  of  pyruvic  aldehyde-treated  cells  will  permit  prolonged 
storage  and/or  lyophilization  of  the  sensitized  cells.  If  these  efforts 
are  successful,  the  IHA  test  would  be  ideally  suited  for  use  in  blood 
bank  operations  and  in  small  laboratories  with  minimum  equipment. 

3.  Studies  on  the  physiological  and  immunological  responses  in 
mice  infected  with  T.  pallidum  were  continued.  The  mouse  apparently 
harbors  a  primary  infection  for  life;  virulent  treponemes  have  been 
isolated  from  the  lymphoid  tissues  196  days  post  infection.  Although 
the  treponemes  become  widely  disseminated  throughout  the  tissues  and 
organs  of  the  mouse,  the  animal  exhibits  no  clinical  or  pathological 
evidence  of  disease.  Infected  animals  show  a  rapid  rise  of  treponemal 
antibody  titer,  but  never  develop  detectible  levels  of  reaginic  antibody. 
The  fact  that  the  mouse  developes  no  lesions  or  clinical  symptoms,  even 
though  virulent,  mitotically  active  treponemes  are  present  in  the  tissues, 
suggests  that  the  severe  pathology  manifested  in  human  and  rabbit  syphilis 
is  due  to  something  other  than  the  direct  action  of  exo-  or  endotoxins 
produced  by  the  treponemes.  The  absence  of  reaginic  antibodies  in  the 
mouse  is  consistent  with  the  hypothesis  that  the  latter  are  the  result  of 
an  immune  response  to  host  tissues  that  have  been  altered  by  the  infection. 

4.  Immunological  and  serological  studies  were  conducted  on 
individuals  with  schistosome  dermatitis.  Episodes  of  dermatitis  in 
troops  exposed  to  zoophilic  schistosome  cercariae  provided  an  opportun¬ 
ity  to  evaluate  the  relative  specificity  of  various  immunologic  and 
serologic  tests  commonly  used  for  the  serodiagnosis  of  human  schistoso¬ 
miasis.  A  high  percentage  of  the  exposed  individuals  developed  a  hyper¬ 
sensitivity  to  S.  mansoni  skin  test  antigen.  Moreover,  these  reactions 
persisted  for  a—considerable  period  of  time.  The  majority  of  these 
individuals  also  showed  strong  reactions  in  the  fluorescent  antibody 
test  for  schistosomiasis.  Some  persistence  of  reactivity  was  noted  in 
card  tests  for  schistosomiasis,  although  the  incidence  of  reactions  was 
considerably  lower  than  that  observed  with  the  skin  tests  or  fluorescent 
antibody  tests.  These  findings  were  in  contrast  to  those  obtained  with 
slide  flocculation  and  complement  fixation  tests  for  schistosomiasis. 
Relatively  few  of  the  exposed  individuals  reacted  at  all  in  the  latter 
tests.  Moreover,  when  reactions  did  occur,  they  were  transitory  in  nature 
and  rarely  persisted  for  more  than  one  month  after  exposure.  The  studies 
show  that  the  skin  test  and  fluorescent  antibody  test  are  of  no  value  for 


individual  diagnosis  or  for  epidemiological  studies  on  human  schistosomia¬ 
sis  unless  exposure  to  zoophilic  schistosomes  can  be  excluded.  On  the 
other  hand,  reliable  serological  information  can  be  obtained  with  the 
flocculation  and  complement  fixation  tests  even  in  areas  endemic  for 
non-human  schistosomes. 

5.  Efforts  have  been  made  to  improve  the  methods  for  mass  cultiva¬ 
tion  of  yeast-phase  H.  capsu latum  required  to  prepare  antigens  for  sero¬ 
logic  tests.  A  liquid  brain-heart  infusion  medium  supplemented  with 
cystine  was  superior  to  the  other  media  that  were  investigated,  and 
yielded  harvests  that  were  2.5  times  greater  than  those  obtained  with 
the  standard  Francis'  cystine  agar  medium.  The  serologic  properties 

of  organisms  cultivated  in  the  new  liquid  medium  are  under  investigation. 

6.  Studies  were  undertaken  to  determine  whether  the  storage  life 
of  sheep  cells  preserved  in  Alsever's  solution  could  be  extended  by 
incorporating  progesterone  in  the  suspension.  Results  showed  that 
the  addition  of  0.025  uM  of  progesterone/50  ml  of  cells  suspension 

had  an  effective  stabilizing  effect  on  the  cells.  Although  the  osmotic 
fragility  of  the  progesterone-treated  cells  gradually  increased  during 
storage,  the  rate  of  increase  was  considerably  lower  than  that  of  the 
cells  without  progesterone.  The  progesterone-treated  cells  were  suitable 
for  use  in  complement  fixation  tests  after  storage  for  6  weeks.  In 
contrast,  the  untreated  cells  became  hyper-fragile  when  stored  more  than 
3  weeks.  Complement  titrations  performed  after  various  periods  of 
storage  showed  that  progesterone  treatment  of  the  cells  had  no  adverse 
effect  on  the  hemolytic  activity  of  the  complement.  The  possible  effect 
of  progesterone  treatment  on  cells  to  be  used  in  indirect  hemagglutination 
tests  is  being  investigated  before  a  decision  is  made  concerning  its 
routine  use  in  cells  collected  for  serologic  tests. 

7.  Since  dog  sera  often  become  anticomplementary  when  heat- 
inactivated  to  destroy  native  complement,  it  is  difficult  to  use  such 
specimens  in  diagnostic  complement  fixation  tests.  With  some  antigen- 
antibody  systems,  it  may  be  possible  to  circumvent  this  problem  by 
employing  an  alternative  serologic  technic  such  as  a  hemagglutination 
or  flocculation  procedure.  However,  this  may  not  be  feasible  for 
certain  antigens,  and  a  modified  complement  fixation  procedure  has  been 
devised  for  use  under  these  conditions.  Since  there  is  a  linear 
relationship  between  the  amount  of  immune  complex  formed  and  the  units 
of  complement  required  for  50  per  cent  hemolysis,  the  specific 
reactivity  can  be  expressed  as  the  ratio  between  the  units  of  complement 
required  for  50$  hemolysis  in  the  test  with  serum  +  antigen,  and  the 
units  of  complement  required  for  50$  hemolysis  in  the  serum  control. 
Details  of  the  procedure  for  determining  these  values  are  presented 

in  the  text.  The  procedure  has  been  used  successfully  for  the  sero- 
diagnosis  of  histoplasmosis  in  dogs,  and  studies  are  in  progress  to 
determine  its  suitability  for  the  serodiagnosis  of  celt, ine  leptospirosis 
and  echinococcosis. 


609 


Project  3A061102B71Q,  COMMUNICABLE  DISEASES  AND  IMMUNOLOGY 
Task  00  Communicable  Diseases  and  Immunology- 
Work  Unit  172,  Sero- recognition  of  microbial  infections 
Publications. 

None. 


610 


